
U.S. Army Corps 

of Engineers 

Seattle District 

Green/Duwamish River Basin 

Ecosystem Restoration Study 

King County, Washington 

Final Feasibility Report 

October 2000 



GreetdDurvan~ish Bash 
Ecosysfefn Restornfion 

Fensibilir)r Report 
October 2000 

Executive Summary 

The purpos cif this study is to investigate-ecosystem restoration opportunities in the GreenIDuwamish 

River basin and recommend an alternative for implementation. The GreeniDuwamish River basin has 

experienced significant degradation of its habitats, water quality and ecosystem functions and processes. 

To date, 97% of the estuary has been dredged or filled, 70% of the watershed (and flows) has been 

diverted out of the basin, and about 90% of the floodplain is no longer connected to the river. The 

Green/Duwamish River Basin is still an impqrtant producer of fish and wildlife resources, but plant and 

animal populations continue to decline and two species of fish have been listed as threatened and 

endangered species: chinook salmon (endangered) and bull trout (threatened). Without action, many of 

the fish and wildlife resources of the basin will continue to decline, likely to the point of extinction. 

Although numerous environmental problems exist in the basin, significant opportunities to restore fish 

and wildlife habitat and ecosystem functions and processes still remain. This ecosystem restoration plan 

seeks to: 1) enhance the physical nature of existing degraded habitats; 2) improve existing ecosystem 

functions and processes, 3) address limiting factors to fish and wildlife production, and 4) restore habitats 

for anadromous fish. 

Restoration features at sixty-seven projects were developed and evaluated to determine the most cost 

effective and beneficial plan to recommend for restoration of the basin ecosystem. The recommended 

plan would implement a combination of 45 project-specific and programmatic restoration measures 

throughout the basin. This recommended National Ecosystem Restoration Plan was selected based upon 

cost effectiveness and incremental cost evaluation of alternative’s costs and environmental outputs. The 

recommended NER Plan restores aquatic and terrestrial ecosystem continuity and connectivity and 

addresses all limiting habitat factors for threatened and endangered salmonids within the basin. 

The estimated cost for the recommended plan is $115,879,400 (October 2000 price level), including 

preconstruction engineering and design (PED), lands, easements, rights-of-way, relocations, and disposal 

(LERRD), supervisory and administrative costs (S&A), construction management, and monitoring. The 

recommended National Ecosystem Restoration Plan restores over 1900 acres of habitat throughout the 

basin. The federal share is $75,321,610 and the non-federal sponsor share is $40,557,790 (cash share is 

$3,447,415 and LEERD value is estimated at $37,110,375). All costs presented in this report are in 

October 2000 price level. The Plan was formulated consistent with planning guidance in Corps 

Engineering Regulation 1105-2-100, applicable federal laws, and executive orders. The Plan addresses 

requirements of environmental protection statutes regarding actions taken to comply with the Fish and 

Wildlife Coordination Act, the Endangered Species Act, and the National Historic Preservation Act. The 

‘requirements of Section 404(r) of Public Law 92-500, as amended, have been met. For this project the 

monitoring costs exceed the Corps recommended 1% guidance. This repoti presents the case for this 

level of monitoring effort. 
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The sponsor, King County, has requested that congress give them the authority for in kind credit during 

the Preconstruction Engineering and Design and the Construction phase of this project. 

Plan formulation and review included coordination and participation from King County, Cities of 

Tukwila, Kent, Auburn, Seattle, Tacoma and Renton, U.S. Fish & Wildlife Service (USFWS), National 

Marine Fisheries Service (NMFS), Washington Department of Fish and Wildlife (WDFW), Washington 

Department of Ecology (WDOE), U.S. Environmental Protection Agency (USEPA), Trout Unlimited, 

GreenDuwamish Watershed Alliance, Friends of the Green River, and Rainier Chapter of the Audubon 

Society. 
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I. INTRODUCTION 

This report is a feasibility level report for an Ecosystem Restoration Study in the GreenlDuwamish River 

basin in King County, Washington. This study is cost-shared between the U.S. Army Corps of Engineers, 

Seattle District (Corps) and King County (County). A reconnaissance report was completed in 1997, at 

federal expense. That report demonstrated that there was a federal interest in conducting a feasibility 

study of ecosystem restoration alternatives. 

1.1 Study Authority 

Section 306, of the Water Resources Development Act (WRDA) of 1990 authorized the Secretary of the 

Army to include environmental protection as one of the primary missions of the U.S. Army Corps of 

Engineers. King County requested the Corps to initiate a planning study for ecosystem restoration in 
1994. Congress initially authorized this study in the Energy and Water Development Appropriations Act 

of 1996 with an appropriation of $300,000 for a reconnaissance study as part of a General Investigation 

Study under Section 209 of Public Law (PL) 87-874, Puget Sound and Adjacent Waters. After 

completion of the reconnaissance.phase in 1997, a Feasibility Cost Sharing Agreement and Project Study 

Plan were negotiated and agreed upon by the Corps and the County. The feasibility phase began in 1998. 

The Corps has been involved in several flood control projects in the GreenIDuwamish River basin. 

Howard Hanson Dam (HHD) was constructed in 1963 with the primary purposes of flood control and low 

flow augmentation during the summer months. The Corps maintains a navigation channel in the 

Duwamish River that is 5 miles in length. The Corps also has built several levees along the middle Green 

River from river miles (RM) 12.6 to 16.9 in Tukwila and from (R&l) 24.3 to 25 in Kent. King County 

also has many levees along the middle Green River which are part of the PL 84-99 program. 

1.2 Study Purpose and Scope 

1.2.7 Project Need 

The Green/Duwamish River watershed has one of the most highly altered hydrological ecosystems in the 

Puget Sound basin. To date, 97% of the Green/Duwamish River estuary wetlands have been dredged or 

filled, 70% of the historic flows from its former watershed have been diverted out of the basin, and about 

90% of the floodplain is disconnected from the river (Fuerstenberg, et al, 1997). The GreenIDuwamish 

River is still an important producer of fish and wildlife resources; however, many of the anadromous fish 

l-l 
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in the watershed are now from hatchery production. The populations of native fish and wildlife continue 

to decline and the watershed is becoming increasingly urbanized. It is not likely that the ecosystem can 

ever be restored to a pristine condition, but important opportunities still exist to restore ecosystem 

functions and processes that will create and maintain natural habitats over time. Two anadromous salmon 

species have already been listed as threatened or endangered under the Endangered Species Act in Puget 

Sound and western Washington: chinook salmon and bull trout. It is expected that at least one other 

anadromous salmon species will be listed in the near future (coho salmon). Without restorative action, 

many of the fish and wildlife resources of the Green/Duwamish River basin will continue to decline, 

likely to the point of extinction. 

1.2.2 Study Goals 

The purpose of this feasibility study is to examine the restoration opportunities in the Green/Duwamish 

River ecosystem, determine the feasibility of restoring degraded ecosystem structures, functions and 

processes, evaluate potential projects using incremental cost analysis, and develop feasibility level 

designs and cost estimates for selected projects. 

The ecosystem restoration goals of this study are to: 1) enhance the physical nature of existing degraded 

habitat; 2) improve existing ecosystem functions and processes; and, 3) address limiting factors to fish 

and wildlife production, and 4) restore degraded habitats for anadromous fish.. 

7.2.3 Specific Objectives 

Specific elements of habitat degradation and limiting factors to fish and wildlife production have been 

evaluated by King County (Fuerstenberg, et al., 1996) and the U.S. Forest Service (1996) and can be 

classified as ten major resource problems within the basin (Table l-l). As indicated in the Table, this 

study addresses nine of these resource problems. 

l-2 
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Table l-l. Resource Problems 

Resource Problems Issues Addressed in this Study 

Lack of habitat in the Lower Green/Duwamish X 

estuary 

Changes in sediment loads and transport 

Changes in flows 

x 

Loss of channel complexity and in-channel X 

structure 

Water quality degradation X 

Barriers to fish passage 

Floodplain disconnection 

X 

X 

Habitat fragmentation 

Degradation of wetlands and rare species 

X 

X 

habitats 

Changes in forest structure and composition X 

1.3 Study Area 

The Green River originates in the Cascade Range south of Stampede Pass at an elevation of about 4500 

feet (ft) and flows northwest 90.5 miles to Elliott Bay in Puget Sound. The highest elevation in the basin 

is at 5750 f?t on Blowout Mountain. The Green River becomes the Duwamish River at RM 11 where the 

historic Black River joins the Green River. The entire watershed is within King County, Washington. 

This study addresses the entire watershed from the headwaters to Elliott Bay. Since a major goal of this 

study is to restore ecosystem level functions and processes to the basin, effort has been made to ensure the 

entire watershed is evaluated. 

1.4 Study Area Characteristics 

7.4,7 Climate 

The climate in the basin is a mid-latitude, west coast marine type characterized by cool wet winters and 

mild summers. The average rainfall in the basin ranges from 39 to approximately 100 inches annually. 

The urbanized lower elevation part of the basin receives the lower precipitation increasing up to the 

higher precipitation (rain and snow) near Stampede Pass. Approximately 75% of the precipitation falls 

between the months of October and April. The Cascades and the foothill portion of the basin are 

frequently subject to warm tropical rainstorms during the winter that cause rain-on-snow events. The 

l-3 
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highest peak flows in the Green occur during rain-on-snow events. Over one third of the upper basin 

(above HHD) is within the rain-on-snow zone (USFS, 1996). The summer months from July through 

September are typically characterized by minimal, if any, precipitation; causing flows in the river to drop 

to minimums and water temperatures to increase. 

7.4.2 Topqgraphy 

The topography in the basin is quite varied. The upper basin is mountainous with steep terrain and 

narrow valleys; elevations range from 1000 to nearly 6000 ft. The upper basin has a drainage of 22 1 

square miles, entirely within in the Cascade Range. Howard Hanson Dam is constructed at an elevation 

of approximately 1000 ft. Downstream of HHD, the river has a relatively steep gradient with boulders 

and cascades. Approximately five miles downstream of HHD, the river enters the 13-mile long Green 

River Gorge. The Green River has cut down through the erodable sandstone and mudstone and formed 

the gorge. The canyon walls are very high and nearly vertical, confining the river to a narrow, high 

velocity channel. Downstream of the gorge, the river flows through a moderate gradient valley where 

extensive braiding and channel movement used to occur, and landslides are still common. Most of the 

remaining side channels on the river occur in this middle basin. Downstream of Auburn (approximate 

elevation 3 30 ft), the river valley flattens out significantly and widens. The river flows sluggishly (less 

than 1% gradient) through the lower Green River valley confined almost entirely by levees, until it enters 

the zone of tidal influence at approximately RM 11. 

7.4.3 Water Resources 

Historically, the Cedar, Black, and White Rivers were all tributaries to the Green/Duwamish River (see 

plate l-2). The White River (headwaters on Mt. Rainier) joined the Green/Duwamish River at Auburn 

through a channel called the Stuck River. The negligible elevation difference between the 

Green/Duwamish River and the Puyallup River basin near Auburn caused the White River to periodically 

flip back and forth between the two systems. After a large flood in 1906, King County, Pierce County 

and. the Corps permanently diverted the White River into the Puyallup to reduce flooding in the 

Green/Duwamish valley. The Cedar River flowed into the Black River (which drained Lake Washington) 

near the south end of Lake Washington and the Black River flowed for about one mile joining the Green 

River to form the Duwamish River at Tukwila. At the time of the construction of the Hiram Chittenden 

Locks connecting Lake Washington to Puget Sound, the Cedar River was diverted into the Lake 

Washington basin and the Black River dried up due to the loss of the Cedar and the lowering of Lake 

Washington. The Black River now only contains minimal flow from localized surface runoff. 

l-4 
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In 1913, the City of Tacoma completed a water diversion dam on the Green River near the town of 

Palmer. This diversion has a maximum capacity of 113 cfs. In 1962, the Corps built Howard Hanson 

Dam four miles upstream of the Tacoma diversion dam. The authorized purposes of HHD are to provide 

flood control and low flow augmentation. The maximum peak flow that now occurs is 12,000 cfs as 

measured at Auburn (approximately a lo-year flow). Minimum flows with the dam in place are now 110 

cfs as measured at the Palmer gage (only fall below 150 cfs once in six years, below 100 cfs once in nine 

years). Prior to the dam, minimum flows were as low as 59 cfs and maximum flows were approximately 

28,000 cfs. The Corps is currently in the preconstruction engineering and design phase of an additional 

water storage project to provide the City of Tacoma more water than they currently withdraw’( 113 cfs) 

and additional low flow augmentation. If this project is constructed, an additional 32,000 acre feet (ac-ft) 

of water will be stored by the dam, 22,400 ac-ft for water supply and 9,600 ac-ft for low flow 

augmentation. There are many additional water withdrawals downstream of the Tacoma diversion dam 

for agricultural and domestic uses. These legal withdrawals are approximately 13,500 ac-ft per year and 

occur primarily during the low flow period (Washington Dept. of Ecology water rights database cited in 

USACOE, 1997). A comparable amount of groundwater in the floodplain is also withdrawn. The 

volume of illegal withdrawals is unknown at this time. 

The majority of the Green River and its tributaries are classified by the Washington State Department of 

Ecology as Class A waters (excellent). Class A waters support beneficial uses such as water supply, stock 

watering, fish and wildlife habitat and recreation. Generally, water quality in the basin mirrors the trend 

of urbanization along the river’s course. Development is greatest in the lower half of the watershed and 
water quality is degraded. The Duwamish River (below RM 11) is designated as Class B (good) waters 

because of industrial contaminants. The Duwamish River has been listed on the state’s 303(d) list of 

impaired waterways for over 35 industrial pollutants in the sediment and temperature, pH, dissolved 

oxygen (DO), ammonia and one industrial organic pollutant in water. The Green River has been listed for 

temperature, DO, fecal coliform and mercury in water. 

1.4.4 Biological Resources 

Historically, the GreerJDuwamish River basin was heavily forested with evergreen coniferous trees and 

an understory of various shrubs, ferns and herbs. In the lower valley, patches of emergent wetland 

vegetation were interspersed with forested riparian (alder, willow, cottonwood) and swamp (cedar, 

spruce) patches. The Duwamish River meandered through an extensive estuarine zone with freshwater 

marsh transitioning into brackish and salt marsh with extensive mudflats. Fish species that were 

historically present in the basin included chinook, coho, sockeye, pink and chum salmon, steelhead and 

sea-run cutthroat trout, Dolly Varden and bull trout, resident rainbow and cutthroat trout, and about a 

dozen other resident fish (USFS, 1996; Chapman, 198 1). Fish in the estuary included surf smelt, Pacific 
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herring, shiner perch, striped sea perch, pile perch, Pacific staghom sculpin, starry flounder, white 

sturgeon and numerous other species. The estuary, marshy floodplain and forested basin would have 

been utilized by many species of migratory and resident waterfowl, songbirds, and raptors; large and 

small mammals, amphibians and reptiles. 

Currently, the upper Green/Duwamish River basin has been extensively logged. Only about 10% of the 

old growth forest remains. The dominant coniferous species is Douglas fir of less than 100 years in age 

(primary species replanted on timberlands). Much of the formerly evergreen coniferous forest is also 

dominated by deciduous species such as big leaf maple and red alder. The middle GreenLDuwamish 

River basin is primarily rural residential with agricultural lands, and commercial timber uses in the 

foothills. All forested areas are primarily deciduous (except timberlands) species such as big leaf maple 

and red alder. The lower GreenLDuwamish River basin is highly urbanized along most of the river 

corridor, particularly in the lower 12 miles. Extensive levees line the river protecting residential, 

commercial and industrial properties adjacent to the river. Approximately 98% of the former estuarine 

wetlands and mudflats have been either dredged or filled in for industrial purposes (Blomberg, et al, 

1988). 

The Tacoma diversion dam blocks all access for anadromous salmon upstream of the dam, so has cut off 

more than 110 miles of river and stream habitat. The City of Tacoma traps adult steelhead and hauls them 

to the upper basin and the Washington Department of Fish & Wildlife (WDFW) and the Muckleshoot 

Indian Tribe (MIT) also plant juvenile coho and chinook in the upper basin. Three fish hatcheries are 

located in the basin, the Green River Hatchery and the Palmer Hatchery, operated by the WDFW and the 

Keta Creek Hatchery, operated by the MIT. Plants of salmon species have occurred from many other 

basins as well. A fourth hatchery is proposed as part of the future City of Tacoma water withdrawals. 

The existing status of most of the salmon species in the basin is that they are declining, and mixed 

between wild and hatchery production (SASSI, 1992). Currently four major species of anadromous 

salmon utilize the GreenLDuwamish River downstream of the Tacoma diversion dam: chinook, coho and 

chum salmon and steelhead trout. Small numbers of sockeye and pink salmon and sea-run cutthroat are 

periodically observed. Bull trout or Dolly Varden have not been observed in recent years. 

The middle GreenLDuwamish River has moderately good habitat available for salmon species with some 

natural side channels and the only unleveed sections of the river. Resident fish in the estuary are 

subjected to a variety of chemical pollutants and have high rates of lesions and other diseases. 

Anadromous salmon do not spend a lot of time in the estuary because there is very little habitat available 

for them. Puget Sound chinook salmon and western Washington bull trout are currently listed as 

threatened species under the Endangered Species Act. 
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The GreenKDuwamish River valley was among the first areas of Puget Sound to be extensively settled by 

European-American immigrants. The vast valley provided abundant land for agriculture. Growth has 

continued unabated since the mid 1800s. The Green/Duwamish River basin now includes the cities of 

Enumclaw, Auburn, Kent, Renton, Tukwila, Sea-Tat, Burien, Black Diamond, Seattle and the 

Muckleshoot Indian Reservation. The larger population centers, along with the industrial, commercial, 

and residential land uses, are concentrated in the lower basin. Agriculture is still a major land use in the 

middle Green River basin. Timber harvesting is the major land use in the upper basin. The middle Green 

River is used extensively for recreational purposes, particularly the Green River Gorge. Several state and 

county parks are located upstream of Auburn where fishing, floating, canoeing, kayaking and hiking are 

popular activities. A bike trail system has been constructed along the top of the extensive levee system in 

the lower portion of the basin. 
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2. EXISTING PROJECTS, PRIOR STUDIES, AND REPORTS 

2.1 Howard Hanson Dam 

Howard Hanson Dam was completed in 1963 at RM 64.5 on the Green River. The primary purposes of 

the dam are flood control and low flow augmentation in the summer. Two secondary uses are authorized 

but have not been utilized, to date: irrigation and water supply. The typical maximum storage is 25,400 

acre feet of water, which is used to provide a steady minimum flow of water throughout the summer ’ 

months. In the winter, the reservoir is drained to provide a flood pocket for flood control purposes. 

Construction of the dam has eliminated coarse sediment and large woody debris (LWD) movement from 

the upper basin to the middle basin, reducing the volume of spawning gravels and habitat forming LWD 

in the lower river. A Section 1135 project has been approved to store an additional 5,000 ac-ft of water in 

the reservoir for additional low flow augmentation in the lower river. A feasibility report/EIS has been 

completed for an additional water supply project to provide more storage for water supply purposes. 

2.2 Lower Green River Flood Control Section 205 

The Corps constructed improvements to an existing private levee system in the City of Tukwila in 1990. 

The project included increasing the height of the existing levees for 3.5 miles. 

2.3 Horseshoe Bend Section 205 

The Corps constructed levee improvements along about 2/3 mile of the Green River near the City of Kent 

in 1996. This project raised and widened the levee to provide more flood control and stability. The 

project will be maintained by the Green River Flood Control Zone District. 

2.4 Non-Federal Levees 

Many miles (>30 miles) of non-federal levees exist along both banks of the GreenlDuwamish River. 

These levees are variously owned and maintained by King County, City of Auburn, City of Kent, City of 

Tukwila, and private landowners. Many of these levees are in the federal PL 84-99 program. 
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2.5 Prior Corps Studies and Reports 

2.51 Green-Duwamish River Basin General Investigation Ecosystem Restoration 

Reconnaissance Study Report, 7967, 

The Reconnaissance report for this study evaluated the potential for ecosystem restoration in the Green- 

Duwamish River basin. The study evaluated over fifty potential restoration projects throughout the basin 

that would address a variety of the limiting factors to fish and wildlife production. The majority of those 

projects warranted further investigation in the feasibility phase and a few of the projects were pulled out 

of the general’investigation study for quicker implementation under the Section 1135 authority. The 

estimated cost for implementation of the selected projects was $126 million. 

2.5.2 Turning Basin Section 7735 Environmental Restoration Report, 1998. 

Under Section 1135 of WRDA 1986, a fish and wildlife habitat restoration project was approved for 
implementation in the lower Duwamish River. King County is the local sponsor for this project, and the 

Seattle City Light owns the property utility. This project included removing a large quantity of fill 

material that had been placed in the former mudflats or marshes of the Duwamish estuary in order to 

develop the land for industrial purposes. After fill was removed, the lowered portion of the property is 

now an intertidal mudflat with emergent salt marsh habitat. Additionally, a small tributary to the 

Duwamish River (Hamm Creek) was “daylighted” out of a culvert and flows through the property. The 

property has been revegetated with native trees, shrubs and emergent species. 

2.5.3 Howard Hanson Dam Section 1135 Fish and Wildlife Restoration Project 

Final Project Modification ReporVEnvironmental Assessment. 

Under Section 1135, a fish and wildlife habitat restoration was approved for implementation at HHD. 

The City of Tacoma Public Utilities is the sponsor for this project and the Corps owns the property. This 

project included providing additional water storage (5,000 ac-ft) for low flow augmentation below HHD 

during drought years (1 out of 5 years on average), an adaptive refill/storage regime to reduce effects on 

downstream smolt migration and steelhead spawning, and physical habitat improvements in the reservoir, 

This project is being recommended for construction. 
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2.5.4 Howard Hanson Dam Additional Water Sforage Project Feasibility Report 

and Environmental Impact Statement, 7999. 

This study evaluated alternatives for providing additional storage of water in the reservoir for water 

supply purposes for the City of Tacoma. The recommended alternative is a two-phased project that will 

store an additional 20,000 ac-ft of water for water supply in Phase 1 and in Phase 2 will store 2,400 acre- 

ft for water supply and 9,600 ac-ft for low flow augmentation. Mitigation will be required for this 

additional storage volume and will include features such as fish passage facilities at HHD, habitat 

restoration upstream and downstream of the reservoir. This project will likely be implemented beginning 

in 2001. 

2.5.5 Seaboard Lumber Project Section 22 Aquatic Habitat Restoration Analysis, 

1995. 

This project evaluated the existing condition of a former industrial project on the Duwamish River and 

developed habitat restoration recommendations for the Muckleshoot Indian Tribe. The recommended 

option was to remove fill to bring the project down to intertidal elevations and create a diversity of 

intertidal habitats including high salt marsh, low salt marsh and mudflat. 
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3. BASELINE CONDITIONS 

3.1 Existing Conditions 

3.7.7 Geology and Soils 

Surface soils have developed from the weathering of primarily glacial and volcanic materials. The three, 

regions of the basin have distinctly different soils and soil forming processes. The upper Green River 

basin ranges from 1000 to nearly 6000 feet in elevation, which is generally lower in elevation than other 

watersheds that begin in the Cascade Mountains. Alpine glaciation has not been present in recent history. 

Recent volcanic activity from Mt. Rainier depoprojectd ash and pumice in many areas of the upper 

watershed. The bedrock materials are also generally volcanic in origin, and composed of basalts and 

andeprojects mixed with tuffs and breccias (USSCS, 1992). Soils are generally formed from the 

weathering of volcanic materials mixed with some older continental glacial deposits and colluvium. 

Organic material is sparse and decomposes slowly at the higher elevations. Slopes in the upper basin can 

be quite steep. The potential for erosion hazard is high, and numerous landslides and mass wasting events 

have occurred, particularly after timber harvest and logging road construdtion. Many locations of bedrock 

outcrop also exist. Along the floodplain of the Green River and its tributaries, the soils are largely formed 
from alluvium. Soils can be quite deep in some locations. 

The middle Green River basin has a geologic history of weathering, alluvial deposition, landslides, 

seismic events, mudflows from Mt. Rainier, and historic continental glaciation. Soils in the floodplain are 

predominantly composed of alluvium, except in the Green River Gorge. Upstream of Auburn, the 

floodplain soils are typically gravelly and sandy, whereas, downstream of Auburn there is a high 

percentage of silts and finer materials washed down from the Osceola mudflow soils. Much of the river 

below HHD is currently lacking in spawning gravels. The middle Green River area is subject to 

landslides from the steep banks in and near the Gorge. A recurring landslide exists just downstream of 

Flaming Geyser State Park at RM 43, which continues to erode from an unstable ravine near the top of the 

360-foot high valley wall. This landslide has contributed significant amounts of fine sediment to the 

River during every rainstorm in the last couple of years. The landslide has likely been moving for several 

hundred years and will continue to erode for perhaps several hundred more years. Other smaller 

. landslides have occurred wherever high valley walls exist immediately adjacent to the River. Many of 

these landslides contribute a mix of fine and coarse materials to the river and promote natural sediment 

recruitment processes. 
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The lower Green/Duwamish River was once subject to tidal inundation nearly LIP to Auburn. The 

Osceola mudflow filled in much of this lower valley with several hundred feet of mud (Kruckeberg, 

199 1). The soils of this lower valley are poorly studied because there has been extensive urban and 

industrial development along the river for many years, It is expected that most of the soils were alluvial 

in nature with significant quantities of organic material from the floodplain swampland and marshlands. 

Fill material from other sources has been placed in most of the floodplain. The sediments in the estuary 

are contaminated with heavy metals, petroleum products and other organic materials. 

3.7.2 Hydrology 

The Green/Duwamish River is fed by runoff from rainfall, groundwater inflows, and snowrnelt from the 

upper watershed. The flow regime is similar to other west slope, Cascade fed rivers with a high peak 

from winter storms and a second lower peak from snowmelt runoff. Almost all large floods in the basin 

are caused by warm tropical storms with high rainfall causing significant snowmelt in the mountains (rain 

on snow events). These storms typically occur between the months of October through March. 

Howard Hanson Dam provides flood protection up to the loo-year event (estimated to be approximately 

28,000 cfs without the dam), and since 1963, there has not been more than a slight exceedance of the 

12,000 cfs maximum as measured in Auburn. The primary difference between different recurrence 

interval floods, with the dam, is the duration of peak flows; the greater the flood event, the longer the 

duration of peak flows. Some localized flooding still occurs in unleveed portions of the basins, or from 

runoff behind the levees during flood events. The effect of the dam has been to limit overbank flooding 

downstream, preventing the formation of new natural side channels and other aquatic habitats. 

Additionally, the longer duration of moderately high flows (>8000 cfs) more effectively transports 

sediments through the river system, further contributing to the gravel starved condition of the river below 

the dam. 

The dam is operated to store floodwaters during the winter, and the reservoir is typically drawn down to 

the minimum elevation (1070 ft) by November 1 each year. Normal river flows then pass through the 

outlet tunnel in the dam’s left abutment; but when flood stage is reached, discharge from the dam is 

reduced and water is impounded in the reservoir. As the flood flows decline, discharge from the dam is 

held steady (up to 12,000 cfs as measured at Auburn) to draft the reservoir. The highest pool elevation 

that has been reached during a flood was 1183 I?, in 1996. To date, it has not been necessary to use the 

spillway above the tainter gates at elevation 1206 ft (maximum flood storage at elevation 1206 ft is 

106,000 ac-ft). Spring refill operations occur from the middle of April through early July. The reservoir 

is raised from 1070 ft to about 1141 ft (25,400 ac-ft of storage) in order to augment summer flows for 

fisheries conservation. The additional water storage project proposes to store an additional 22,400 ac-ft to 
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provide additional water during the summer months for Tacoma’s water supply facilities, and an 

additional 9,600 ac-ft for low flow augmentation. Additionally, fish passage facilities would be added to 
/ 

the dam for upstream and downstream passage of anadromous fish. 

Three major tributaries feed into the Green River below HHD: Newaukum Creek near Black Diamond, 

Big Soos Creek upstream of Auburn, and Mill Creek/Mullen Slough near Kent, All of these tributaries 

experience increased peak flows in winter and decreased low flows in summer as a result of development 

and the spread of impervious surfaces. 

3.1.3 Fluvial Geomorphology 

Fluvial geomorphology is defined as the study of the interaction between river flows and processes and 

the physical structures and habitats that are created as a result of those processes. The types of physical 

structures and habitats created vary depending on the climate, topography and geologic setting of the 

watershed. The primary processes that shape the river geomorphology are river flow regime and 

flooding, sediment sources and transport, and riparian zone succession and large woody debris (LWD) 

recruitment. In the Green River, the river flow regime and flood cycles have been drastically altered. 

Approximately 70 percent of the watershed has been diverted away from the river, significantly reducing 

flows and HHD has constrained flood flows to below the lo-year recurrence level (12,000 cfs as 

measured at Auburn). Sediment sources have been reduced by the construction of levees and revetments 

and sediment transport has been altered by HHD and confinement of the river into one channel. The 

riparian zone has been significantly reduced in size by development and the removal of coniferous trees. 

LWD has been actively removed from the channel for many years and the recruitment of new wood is 

severely reduced because of the lack of large riparian trees and flood flows into the riparian zone and 

floodplain. Figure 3-l shows the dramatic change in the shape and length of the Green/Duwamish River 

from 1898 to 1996. There are very few side channels or other off-channel habitats in the river and they 

are concentrated in the unconfined Metzler/O’Grady reach (R&i 36.9-40.6) and the Auburn Narrows reach 

(RM 32.5-33.5) where the only active channel braiding is occurring. 

Currently, HHD blocks about 90% of the coarse sediment load from the watershed (Perkins, 1999). 

Formerly, this sediment depoprojectd in the middle Green River valley below HHD (RM 60-64) and from 

below the Green River Gorge down to Auburn (RMs 30-45). Downstream of Auburn, the sediment load 

transported by the White River formerly provided significant sediment deposition downstream of Auburn. 

Overall, sediment deposition caused extensive braiding of the river and side channel and off-channel 

formation as well as providing extensive spawning grounds for salmon species. The loss of gravel-sized 

sediment has reduced deposition in a downstream direction from the dam, and results in armoring of the 

bed (scour of gravel sized particles so only cobble and larger materials remain). This armoring can be 
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Figure 3-l 

Changes from 1898 to 1996 
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observed between HHD and the Tacoma Diversion Dam @MS 60-64), but is less obvious downstream of 

the Gorge (below RM 45) (Perkins, 1999). It is expected, however, that armoring will appear further 

downstream over time without significant coarse sediment input below HHD. 

3.7.4 Environmental Resources 

3.1.4.7 Vegetation 

Historically, the Green/Duwamish River basin was heavily forested with coniferous trees including cedar, 

western hemlock, Sitka spruce, Douglas fir, silver fir, mountain hemlock, and western white pine. This 

coniferous forest extended from the headwaters down to Puget Sound. In the floodplain, coniferous forest 

was replaced by deciduous shrubs and trees and emergent marsh vegetation in disturbed areas. Other 

localized events such as fire, avalanches and windthrow periodically downed the conifers, which were 

replaced by early seral species,such as ferns and herbs, succeeded by red alder, big leaf maple and 

willows. 

Currently, most of the original coniferous forest has been removed from the watershed. In the upper 
basin and foothill portions of the middle basin, the land is managed primarily for timber production and is 

dominated by Douglas fir of less than 100 years in age. Agriculture and rural residential uses dominate 

the floodplain areas of the middle basin, while urban and industrial uses dominate the entire lower basin. 

The riparian zone is limited in the lower and middle basins except between RMs 34 to 64. Typical 

dominant species include black cottonwood, red alder, willows and big leaf maple with an understory of 

salmonberry and snowberry. Occasional young cedars, hemlocks or Douglas fir are present. 

3.1.4.2 Fish and Aquatic Habitat 

More than 30 species of fish have been documented within the Greetiuwamish River basin. This 

includes potentially eight species of anadromous salmon: chinook, coho, chum and sockeye salmon, 

rainbow/steelhead and cutthroat trout, and potentially bull trout and Dolly Varden. Pink salmon were 

historically present, but have not been observed for many years. Anadromous fish cannot access the basin 

above the Tac,oma diversion dam at R&l 60, but use the rest. of the river basin extensively. Water quality 

conditions can be harmful to all the anadromous fish species since temperatures regularly exceed 68” F, 

which is the highest tolerable temperature for most Pacific salmon species. Additionally, the lack of 

aquatic habitat (side channels, sloughs, instream cover, etc.) reduces the rearing capacity of the river and 

production of salmon species. Fast water habitats (riffle, run and glide) make up 82% of all mainstem 

habitat types (Fuerstenberg, et al, 1997). Juvenile salmon prefer to rear in slower velocities areas (pools 
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and under cover of LWD) where they do not need to expend tremendous amounts of energy to remain in 

place, The populations of anadromous fish have declined considerably over the last 50 years; see Table 

3-l below for a comparison of escapement numbers from the 1930s to the 1990s. 

Species 

Chinook 
Chum 
Coho 

Table 3-I Comparative Escapements to the Green River 

1938 to 1942 1987 to 1991 

55,197 10,300 
12,750 3,000* 

36,741 12,500 

Pink 1,000 0 

Steelhead 4,400 1,600** 
Note: Recent hatchery refmns have been Ial~er, which is not reflected in this data, however, wildfish are still decliaiag. 

* This valae iaclrldesfish passed above the Keta Creek hatcttety and olher r!atrrrally spawaingjish in the rnainslern. 

** This valtre isfor winter steel/tend aad is the simple average of returm in those years. 

3.7.4.3 Wildlife 

The upper basin is primarily forested and managed for timber production, with many areas adjacent to the 

reservoir closed to public access. This provides good habitat for many large mammals such as elk, 

mountain goat, black-tailed deer, mule deer, black bear, and cougar. The number of clearcuts and other 

open areas favors herbivore populations. The large number of herbivores has resulted in a significant 

cougar population, possibly one of the highest densities in the U.S. Black bears are also common. Other 

mammals include beaver, mink, muskrat, weasels, raccoon, snowshoe hare, pika, and various voles and 

mice. Cascade frogs and red-legged frogs also occur in the upper basin. A number of waterfowl use the 

reservoir, including loons, which may nest near the reservoir. A variety of raptors and passerine birds 

also use the upper basin. 

The middle and lower GreenDuwamish basin is increasingly urbanized in the downstream direction. 

However, the lakes, riparian zone and tributary streams provide habitat for small mammals such as foxes, 

skunks, weasels, squirrels and coyotes. Floodplain and wetland habitats support red-legged and Pacific 

tree frogs, salamanders, and toads. Waterfowl, including wood ducks can be found in many areas. The 

estuary is utilized by a number of waterfowl and shorebirds in spite of the loss-of most of the habitat. 
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3.7.4.4 Threatened and Endangered Species , 

Several threatened and endangered species occur or may occur in the Green/Duwamish basin. 

Bald Eagle. The bald eagle is listed as threatened in Washington. Bald eagles utilize lakes, rivers and 

marshes west of the Cascades as wintering grounds, and can be resident in many areas of western 

Washington. Preferred wintering projects typically have an expanse of large trees within 1 to 2 miles of 

foraging habitat. On the Skagit River, wintering areas are often large groves of SO-year-old cottonwoods 

adjacent to the River. The limiting features of bald eagle breeding habitat are suitable nest projects, perch 

trees and available prey. Bald eagles have been projectd year-round at HHD. The bald eagle is primarily 

a winter resident in the basin, and has been observed foraging at many projects along the river. Prey 

resources include waterfowl and spawning anadromous fish. 

. 

Northern Spotted Owl. The northern spotted owl is listed as threatened throughout its range on the West 

Coast. Some of the U.S. Forest Service lands in the upper watershed are designated as Critical Habitat 

and are part of the 120,000 acre Critical Habitat Unit (CHU) #WA-34. Preferred habitat is large blocks of 

multi-layered or old growth coniferous forests with standing snags or broken top trees for nesting. Very 

little old growth forest remains in the Green/Duwamish River basin; however, 35 known spotted owl 

activity centers exist on Forest Service lands in the upper basin, and 14 of those pairs have produced at 

least one young (USFS, 1996). No spotted owls are likely to occur downstream of HHD. 

Marbled Murrelet. The marbled mm-relet is listed as threatened in Washington. Some of the US. Forest 

Service lands in the upper watershed are designated as Critical Habitat and are part of the CHU #WA-l 1. 

Mm-relets inhabit nearshore marine waters and nest in mature and old growth forested areas. Murrelets 

prefer large lateral branches (>4 inches diameter) with moss or lichen covering to place their nests on. 

Very little old growth forest remains in the GreeniDuwamish River basin, and no marbled mm-relets have 

been detected. However, the old growth stands that are managed for critical habitat may become utilized 

in the future. No marbled mm-relets are likely to utilize the middle and lower Green River basins, but the 

estuarine habitat could be suitable. 

Gray Wolf. The gray wolf is listed as an endangered species in Washington. Wolves use a variety of 

habitats, but prefer areas away from human disturbance with abundant prey resources. The upper 

watershed has an abundance of herbivores, which could be an excellent prey resource. The high density 

of logging roads and off-road vehicle recreation in the basin likely limits the suitability for wolves. There 

has been on class 2 (reliable but unconfirmed) gray wolf sighting within the upper basin, and several other 

sightings near the basin (USFS, 1996). No wolves are likely to occur downstream of HHD. 
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Grizzlv Bear. The grizzly bear is listed as a threatened species in Washington. Grizzly bears utilize a 

variety of habitats, but prefer large tracts of land with minimal human disturbance. No sightings of 

grizzly bears or tracks have been reported in the Green/Duwamish River basin, but the North Cascades 

Grizzly Bear Recovery Zone has been designated north of I-90 adjacent to the northeast side of the upper 

basin. Habitat conditions are likely not suitable for grizzly bear due to the high road density and off-road 

vehicle recreation in the basin. No grizzly bears are likely to occur downstream of HHD. 

Canada Lvnx. The Canada lynx is proposed for listing as a threatened species in Washington. The lynx 

typically inhabits northern boreal forest near the Cascade crest and on the east side of the Cascades. Lynx 

require habitats with permanent winter snow since their primary prey source is snowshoe hare. Lynx also 

are highly disturbed by human intrusions such as roads. There are no reported sightings of lynx in the 

Green/Duwamish River basin. The highest elevation areas of the upper basin may be suitable habitat. No 

lynx are likely to occur below elevation 2,800 feet. 

Snotted Frog. The spotted frog is listed as a candidate species in Washington. The species is known to 

occur in several locations east of the Cascades, but has been eliminated from most of its former range 

west of the Cascades (Corkran & Thorns, 1996). It is believed that non-native predator species such as 
the bullfrog and bass have depleted these populations. Spotted frogs are found near springs, ponds, lakes 

or slow-moving streams. The only sightings in western Washington in the past 23 years, have been in 

Thurston County. Suitable habitat exists in the Green/Duwamish River basin, but it is unlikely that 

spotted frogs occur in the basin. 

Chinook Salmon. Puget Sound stocks of chinook salmon are listed as a threatened species. The species 

occurs in the Green/Duwamish River basin from the mouth up to the Tacoma diversion dam. The status 

of the Green River stock is mixed between hatchery and natural production, but is declining. Key habitat 

requirements include adequate stream flow, high quality gravel for spawning, low temperatures, side 

channels and estuarine habitat for rearing. The lack of side channels and estuarine habitat is a significant 

issue for chinook salmon production. 

Bull Trout. Western Washington bull trout are listed as a threatened species. Until recently, bull trout 

and Dolly Varden were considered to be the same species, so there is limited data on bull trout 

distribution. All native char identified south of the Nooksack basin in Puget Sound have been determined 

to be bull trout (F. Goetz, pers. con-m.). Historically, bull trout were found in abundance in the middle 

Green River basin (Grette & Salo, 1986), but have not been observed since 1964. High stream 

temperatures generally preclude bull trout use. Native char have been observed in the estuary in 1994. It 

is not known if these are strays from the White River, which does support an anadromous run of bull 

trout, or if they represent a population in the GreenDuwamish River. 
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Coho Salmon. The Puget Sound/Straight of Georgia Evolutionarily Significant Unit (ESU) of coho 

salmon is a candidate species for listing under the Endangered Species Act. Coho salmon occur in the 

Green/Duwamish River basin from the mouth up to the Tacoma diversion dam. The status of the Green 

River stock is mixed between hatchery and natural production, but is declining. Key habitat requirements 

include adequate stream flow, high quality gravel for spawning, low temperatures, and side channels, 

pools and wetlands for rearing and winter refuge. The lack of side channels, pools and wetlands is a 

significant issue for coho salmon production. 

Sea-run Cutthroat Trout. The Puget Sound ESU of sea-run cutthroat trout is a candidate species for 

listing under the Endangered Species Act. Sea-run cutthroat trout are suspected to be present in nearly 

every western Washington watershed, but very limited information is available. Many stocks are believed 

to return only to estuarine areas for spawning (Leider, 1997). Key habitat requirements include adequate 

stream flow, high quality gravel for spawning, side channels and pools for rearing, estuarine side channels 

and tributaries for spawning. The lack of these habitats is a significant issue for cutthroat trout 

production. 

3.1.5 Human Environment 

3.1.5.7 Population 

The central Puget Sound region has had enormous population growth from the 1970s onward. In 1994, 

the population in the Green/Duwamish River basin was estimated at 900,000. The cities of Renton, Kent 

and Auburn are sti!l rapidly growing, as are several smaller towns and the unincorporated areas of King 

County. 

3.1.5.2 Land Use 

The larger population centers such as Seattle, along with the industrial, commercial and residential land 

uses are concentrated in the lower 30 miles of the basin. A few parcels of agricultural land and parks and 

trails exist ‘along the lower river. Agriculture is still a major land use in the middle Green River basin, but 

is rapidly being converted to hobby farms and country estates. Timber production is the dominant land 

use in the foothills of the middle Green River basin and in the upper basin. Shoreline development is 

extensive along the middle and lower Green/Duwamish River. Much of the banks are leveed to protect 

residential and commercial development in the floodplain. Along the Duwamish River, most of the banks 

and floodplain are completely developed for industrial purposes. 
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3. I. 5.3 Socio-Economics 

The majority of jobs in King County are in the manufacturing, wholesale and retail trade, financial 

services, and government sectors (USBEA, 1995). This data is somewhat inappropriate for the 

Green/Duwamish basin area since there is still a large rural agricultural, timber harvest and mining 

component in the basin. The robust economy of the greater Seattle metropolitan area keeps 

unemployment levels very low. However, in formerly timber or mining dependent communities 

unemployment levels may be higher. The average per capita personal income in King County in 1997 

was $33,000. The median value of owner occupied dwellings in 1999 in King County was $230,000. The 

value of homes in cities in the Green/Duwamish River valley is generally below the median value. 

3.1.5.4 Recreation 

The Green/Duwamish River basin has many opportunities for recreation and is used quite heavily. 

Considerable use is made of the middle Green River for river rafting, kayaking, canoeing and floating. 

The Green River Gorge is a particular attraction for white-water enthusiasts. Several large parks exist in 

the middle Green River area such as Flaming Geyser State Park and Kanasket-Palmer State Park. King 

County has acquired several properties such as Metzler-O’Grady Park for additional public recreation and 

habitat restoration purposes. In the lower valley, numerous golf courses and parks exist in the floodplain 

of the river. The Green River Trail and Interurban Trail follow the river on top of levees. The upper 

basin is not accessible upstream of the Tacoma diversion dam, except via Forest Service roads from 

Stampede Pass. 

Many of the tributaries to the Green/Duwamish River have parks along the water such as Big Soos Creek 

Park, Lake Meridian Park, Mill Creek Canyon Park, Isaac Evans Park, Kent Riverfront Park and 

Earlington Park. These parks are primarily utilized by local residents for fishing and walking. 

3.7.5.5 Cultural Resources 

The earliest evidence of human settlement of the Green/Duwamish basin dates back to the end of the last 

glaciation, almost 13,000 years ago. Some campprojects and stone tool manufacturing projects exist on 

beaches and river terraces in the Puget Sound region. Several cultural resource projects dating from 

approximately 2,500 years ago are present including campprojects, resource procurement projects 

(fishing, etc.), and village projects. 

3-10 



GreedDmmnrish Bash 
Ecosystem Restolaliou 

Feosihlit)v Report 
October 2000 

More recently, the Green/Duwamish basin was utilized by several bands of the southern coast Salish 

known variously as the Skopamish, Sko-pabsch, Skopeamish, Niskap, Neccope, Nescope and Nooscope 

(Hollenbeck, 1987). These bands were the precursors to the modem day Duwamish, Suquamish and 

Muckleshoot Indian Tribes. Permanent winter villages were established along the main rivers and 

tributaries including the Green, White, Stuck and Puyallup Rivers (Hollenbeck, 1987). The bands living 

closest to the estuary and Puget Sound primarily utilized marine fish and shellfish, bands further upstream 

relied on salmon, berries, and roots, whereas inland groups relied primarily on hunting and root gathering. 

Trading was common between the bands in the Green/Duwamish basin and externally with groups from 

other watersheds. 

The Muckleshoot Indian Tribe currently resides primarily on a reservation near the former confluence of 

the White and Green Rivers. The Muckleshoot Tribe is a federally recognized tribe and has co- 

management authority with the Washington Department of Fish & Wildlife (WDFW) regarding game fish 

and wildlife resources within their usual and accustomed fishing areas (Lake Washington basin, 

Green/Duwamish basin and upper PuyallupAVhite River basin). 

The Suquamish Indian Tribe currently resides primarily on the west side of Elliott Bay on the Kitsap 

Peninsula (Port Madison Indian Reservation). The Suquamish Tribe is a federally recognized tribe and 

has co-management authority with WDFW regarding game fish and wildlife resources within their usual 

and accustomed fishing areas (Duwamish estuary, Elliott Bay, Shilshole Bay). 

The Duwamish Tribe is not federally recognized at this time as the descendants are considered to be part 

of either the Muckleshoot or Suquamish Tribes. The tribe has petitioned the government to be 

recognized, but has not yet received recognition. Even with recognition, the Duwamish Tribe would still 

not be eligible to harvest the fishery resources without further adjudication. 

Since the Green/Duwamish River valley was highly desirable for agricultural uses by the early settlers, 

there are several structures in the area listed on the Historic Register. The Northern Pacific Railroad (now 

Burlington Northern) line through Stampede Pass and along the Green River was the first transcontinental 

railroad to enter western Washington. 

3.2 Future Without-Project Conditions 

If this ecosystem restoration plan is not implemented, there will still be fish and wildlife habitat 

restoration actions undertaken in the Green/Duwamish basin. However, the primary difference will be 

that these actions will be undertaken in an uncoordinated project-specific approach by local jurisdictions 

or other groups, as funding is available. It is expected that King County, on their own, would undertake a 
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number of habitat restoration actions designed to benefit chinook salmon as a result of ESA requirements. 

Additionally, the number of restoration projects undertaken would likely be reduced because of the lack 

of funds without federal involvement. It is likely that restoration actions would be undertaken over a 

much longer time scale as well, due to the limited funding and staffing resources at local jurisdictions. 

This could jeopardize the recovery of the anadromous salmon resources, including the threatened chinook 

salmon and bull trout, in the basin because there is currently a lack of suitable habitat for fish and the 

longer the time period before habitat is restored, the more likely that the fish populations will decline 

beyond the point of viability. This project is designed to provide habitat linkages and corridors for 

wildlife species as well, .which may not occur with project-specific local jurisdiction restoration actions. 

In short, while some restoration will continue with or without this project, the opportunity to restore 

broad-scale ecosystem functions and processes to recreate aquatic and terrestrial habitat will have been 

delayed or lost. It is unlikely that any future actions will consider ecosystem functions and requirements 

for a multi-species assemblage of plants, fish and wildlife. This will continue the trend, to date, of 

focusing on single species requirements and causing unforeseen adverse effects on other species, leading 

to continued listings of more and more species under the Endangered Species Act; rather than preserving 

an ecosystem that supports a multitude of species. 
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4. PLAN FORMULATION 

4.1 Problem Identification 

A number of studies were undertaken in the 1970s through the 199Os, which described the existing 

condition of the GreenIDuwamish River basin. These studies included an analysis of the loss of estuarine 

habitat in the Duwamish River (Blomberg, et al, 1988); historic and current production of anadromous 

salmon in the Green River (Chapman, 1981; Grette & Sale, 1986); geomorphology of the Green River 

(Dunne & Dietrich, 1978); and a watershed analysis of the upper Green River basin (USFS, 1996). These 

studies all identified that the GreenLDuwamish River basin had suffered serious declines in the quantity 

and quality of fish and wildlife habitat as a result of the loss of ecosystem functions and processes and the 

trends suggest continuing decline without restorative action. 

King County requested that the Corps initiate an ecosystem restoration study in 1995. The generalized 

problem in the watershed is the loss of ecosystem functions and processes that create and maintain aquatic 

and riparian habitats over time. At the time of initiating this ecosystem restoration study, a separate 

Natural Resources Damage Assessment (NRDA) group for Elliott Bay and the Duwamish waterway were 

evaluating actions to mitigate for loss of habitat and contamination from industrial pollutants. As an off- 

shoot of that group, a Watershed Restoration Group (WRG) composed of representatives from the Corps, 

King County, Cities of Tukwila, Kent, Auburn, Seattle, Tacoma and Renton, U.S. Fish & Wildlife 

Service (USFWS), National Marine Fisheries Service (NMFS), Washington Department of Fish and 

Wildlife (WDFW), Washington Department of Ecology (WDOE), U.S. Environmental Protection Agency 

(USEPA), Trout Unlimited, Green/Duwamish Watershed Alliance, Friends of the Green River, and 

Rainier Chapter of the Audubon Society was formed to guide restoration planning for this study and other 

concurrent regional restoration efforts. 

4.2 Problems and Opportunities 

The primary reasons for the loss of ecosystem functions and processes is the regulation of flows by HHD 

and the disconnection from the floodplain and channelization of the river downstream of the dam by 

levees, revetments and other urban development. For the purposes of this study, it is assumed that the 

early historic actions such as diverting the White River and the Cedar River out of the basin are 

irreparable and that the analysis of the Green/Duwamish River basin should proceed using the existing 

watershed as the study area. 
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The ecosystem restoration goals of this study are to: 1) improve existing ecosystem functions and 

processes; 2) enhance the physical nature of existing degraded habitat; 3) address limiting factors to fish 

and wildlife production, and 4) restore degraded habitats for anadromous fish. 

Specific elements of habitat degradation and limiting factors to fish and wildlife production have been 

evaluated by King County (Fuerstenberg, et al., 1996) and the U.S. Forest Service (1996) and can be 

classified as ten major resource problems within the basin (see Table 4-1). This study addresses nine of 

these resource problems as indicated in the Table. 

Table 4-1 Resource Problems in the Green-Duwamish Basin 

Resource Problems Issues Addressed in this Study 

1 Lack of habitat in the Lower GreenOuwamish I X 
estuary 
Changes in sediment loads and transport x 
Changes in flows 
Loss of channel complexity and in-channel structure 
Water quality degradation 
Barriers to fish passage 
Floodplain disconnection 
Habitat fragmentation 
Degradation of wetlands and rare species habitats 
Changes in forest structure and composition 

X 
X 
X 
X 
X 
X 
X 

4.3 Significance of Environmental Resources and Degradation 

The environmental resources that have been degraded are aquatic and terrestrial habitats of the 

Green/Duwamish River basin. These habitats formerly supported nine species of anadromous salmon; 

chinook, coho, chum, pink and sockeye salmon, rainbow/steelhead and cutthroat trout; and potentially 

bull trout and Dolly Varden. Pink and sockeye salmon may stray into the GreenlDuwamish basin, but the 

system is currently unable to sustain runs. Two other species have been listed as threatened under the 

ESA, chinook salmon and bull trout, and coho salmon and sea-run cutthroat are candidate species for 

listing. The degradation that has occurred has eliminated 98% of the estuarine habitat that formerly 

existed, which is used by anadromous salmon species to acclimate between freshwater and saltwater. 

Chinook salmon, which use estuaries extensively, have been particularly affected as a result, although all 

species have reduced growth and survival as a result of no available habitat for rearing in the estuary. The 

channelization of the middle and lower Green River has eliminated rearing and spawning habitat for 

salmon species, as well. The migration corridor is now lethal to fish during the summer as a result of 

high temperatures and low dissolved oxygen and no holding or rearing pools are present in these reaches 
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of the river. The loss of habitat forming processes as a result of the control of flows at Howard Hanson 

Dam and the loss of exchange between the river and its floodplain has resulted in the loss of prime 

spawning and rearing habitats for most species of saImon in the basin. 

Another five species of wildlife are listed under the ESA and occur or may occur in the Green/Duwamish 

River basin; bald eagle, gray wolf, grizzly bear, marbled murrklet, and northern spotted oivl. Canada lynx 

are proposed for listing and the Oregon spotted frog is a candidate species. The habitat fragmentation 

resulting from timber harvest and urban development has pushed these species, which require large areas 

of relatively undisturbed habitat, to the brink of extinction. All of these species would benefit from 

improvements in forest structure and compdsition and the reconnection of habitats via riparian corridors. 

Additionally, the Green/Duwamish River basin is part of the usual and accustomed fishing grounds for 

the federally recognized Muckleshoot and Suquamish Indian Tribes. It is a federal responsibility to 

ensure that resources necessary for the continuation of native cultures are maintained. 

4.4 Scoping of Study Area 

For the purposes of this study, the study area is the entire Green/Duwamish River basin from the 

headwaters near Stampede Pass to the mouth of Duwamish River inclucing Elliott Bay. Since the 

primary authority of the Corps is water resources development, the potential area for specific projects 

will generally be within the 500-year floodplain (pre-dam) of the GreenLDuwamish River and its 

tributaries. This entire study area is within King County, however many reaches of the river are within 

the jurisdiction of cities. The cities of Kent, Auburn, Tukwila and Renton have expressed willingness to 

fund specific projects within their jurisdictions. 

4.5 Formulation of Alternatives 

Three major approaches to restoration were evaluated to determine the restoration approach to be used in 

this study and are evaluated in the attached programmatic EIS: 1) No Action; 2) Multi-Species Approach; 

and 3) Single Species Approach (chinook salmon). The No Action alternative would not implement this 

ecosystem restoration plan and restoration would continue to be implemented by local jurisdictions on a 

project-specific scale, as funding is available. The Multi-Species Approach would conduct ecosystem 

restoration planning to benefit multiple species of fish and wildlife. The Single Species Approach would 

conduct ecosystem restoration planning to benefit the listed threatened chinook salmon and implement 

projects regardless of their effects on other species. Within both the Multi-Species Approach and the 

Single Species Approach, the types of projects that could be implemented range from restoring ecosystem 
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functions and processes to engineering solutions such as hatcheries and spawning channels. Through 

coordination with the sponsor, stakeholders in the watershed and the EIS process, it was determined that a 

multi-species approach that uses a mix of ecosystem level and project specific habitat restoration projects 

and programmatic measures will not only provide significant benefits to listed species, but restore and 

protect the ecosystem processes that support a multitude of species to avoid further listings. 

4.6 Environmental Quality Evaluation Methodology 

In the study, twelve general types of restoration measures were developed to address the ten major 

resource problems in the basin. Prototype designs were developed for these twelve types of restoration 

measures, and then input from the Watershed Restoration Group was solicited on potential locations in 

the basin to implement such-measures. A model was developed to measure the ecosystem benefits of a 

multi-project restoration plan (Klimas, 1996). This model was used during the reconnaissance phase to 

show with-project improvements on a river reach scale. Results of the model were useful in focusing plan 

formulation efforts during the feasibility phase and for evaluating the contribution of specific projects to 

ecosystem-wide environmental benefits. For detailed evaluation of benefits provided by each project- 

specific project, the individual projects and programmatic measures were screened and scored by the 

WRG using a rating system based on factors including its ability to provide benefits at an ecosystem scale 

and effectiveness at addressing limiting factors to the production of fish and wildlife. This rating system 

produced an environmental quality score for each project. Table 4-2 presents the rating criteria. 
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Table 4-2. Environmental Quality Evaluation Criteria 

I How effective is the project at addressing one or more of the following limiting factors? 1 
IBarriers to Fish Passage - Culverts, dams, and hatcheries have isolated stream 1 

reaches 

2. Reduction in Channel Forming Flows - Managing high flows cannot regenerate river 

habitat, resulting in loss of side channels and floodplain connections. 

3. Loss of Channel Diversity in Lower River- Levee and infrastructure have eliminated 

habitat 

4. Loss of Estuarine Habitat - Dredginplfilling for navigation and development has 

dramatically reduced the size of the estuary 

5. Loss of Floodplain Habitat - Development and changes in flows have reduced the 

connections between the river and tributaries and their floodplains 

6. Reduction in Large Woody Debris - Log jams historically provided important pool 

habitat and cover, but are now uncommon 

7. Loss of Sediment Sources - Gravel trapped behind HHD and the construction of 

levees in the floodplain reduce spawning habitat and leads to channel downcutting 

8. Increase in Water Temperature - Summer temperatures are stressfkl to fish 

Project Size - How large is the project? 

Effect - How far-reaching is the project’s effect? 

Technical - Does a reasonable technique exist and is it widely accepted? 

Political - Is the proposal socially and politically acceptable and likely to be wide 

supported? 

Limiting Factors: 

Scale: 

Feasibility: 

Wildlife: Habitat - Does the project benefit wildlife? 

Each proposed restoration alternative was scored by the expert panel (representatives of the WRG) in 

each of the above criteria. For the criterion of limiting factors, those factors (of the eight identified) 

applicable to each project were identified and a score ranging from zero to five was selected for each 

alternative project. A score of zero corresponds to “addresses no identified limiting factors” and a score 

of 5 corresponds to “addresses all identified limiting factors”. For all other criteria, a score ranging from 

one to three was provided. Because the criteria of Limiting Factors and Scale Effect were determined to 

be the most important, they were weighted more heavily (doubled) than the other criteria in deriving the 

project quality score for each alternative. 

The resultant Environmental Quality Scores for all alternatives were then normalized to an index value 

between 0 and 1 and multiplied by the habitat area benefited by the project to derive “eco-units” for use in 

cost effectiveness and incremental cost analyses and comparison of alternative project outputs. These 

eco-units account for the quality and quantity of habitats supporting ecosystem function and salmon, 

recovery. This approach is similar in structure to the common habitat suitability index models (such as 
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the US Fish and Wildlife Service’s Habitat Evaluation Procedures) but did not focus on a single species 

and was determined by the study team and sponsors to be more appropriate for this broadly focused 

ecosystem restoration study. 

4.7 Description of Generic Restoration Measures and Types of Benefits 

The following section describes the types of project-specific restoration measures (projects) that have 

been proposed. In addition to the project-specific restoration measures, four programmatic restoration 

measures have been proposed and are also described. 

4.7.7 Culvert Modification 

Many of the tributaries entering the Green/Duwamish River pass through culverts placed in levees, roads, 

or other developed property adjacent to the river. Many of these culverts are perched above the river 

level or have impassable tide gates, preventing fish passage, or are undersized and frequently clog up with 

sediment and/or debris, preventing fish passage and exacerbating flooding. Design criteria utilized for 

culvert sizing included: 1) the culverts must be able to pass the 100 year flow for the tributary; 2) tide 

gates must still be able to prevent high flows in the Green River from flooding behind levees or other 

facilities; and, 3) culvert inverts must allow fish passage for all anadromous salmon species during all 

flow conditions, except when tide gates are closed during flooding. Replacement of culverts will allow 

fish access to many miles of streams that are currently not accessible, and in most cases have good 

existing habitat. 

4.7.2 Restoration of Estuarinel7Tdally Influenced Marsh Habitat 

Only 3 percent of the original tidally influenced marsh habitat that existed prior to 1898 still exists. This 

project type will restore marsh habitat by excavating fill from the floodplain, reconnecting up wetlands 

behind levees to tidal action and plantings of native emergent marsh vegetation and fringing riparian 

vegetation such as willows and shore pine. Design criteria utilized for estuarine habitat design included: 

1) the majority of the project must be within the intertidal zone for the specific location along the river; 

and 2) a diversity of intertidal habitats should be restored as feasible at the project including mudflats, low 

salt marsh, high salt marsh and freshwater intertidal swamp/marsh. Restoration of estuarine marsh 

habitats will provide rearing opportunities for salmon species, which currently have essentially no 

estuarine rearing habitat. Chinook salmon, in particular, will benefit because ocean-type chinook, which 

are the dominant life-history type in the Green River, rear for up to several months in estuaries. Other 

salmon species will benefit from the increased rearing opportunities and cover provided by the marsh 
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vegetation. Additionally, many birds and waterfowl utilize estuarine marsh habitat for perching, foraging 

and nesting. i 

4.7.3 Side Channel Modification/Restoration 

Since the Green/Duwamish River can no longer naturally create side channels due to the reduced 

sediment load, reduced peak flows and channel confinement, this project type will create side channels or 

sloughs, and reconnect existing side channels and sloughs which have been cut off from the river. All of 

the projects will include other habitat features such as LWD, and revegetation of the riparian zone and 

floodplain with native trees and shrubs, particularly conifers. Design criteria utilized for side channel 

modification/restoration included: 1) the inlet and outlet elevations of side channels and slough must be 

connected to the river during all but low flows; 2) side channels and sloughs should have a diversity of 

habitat including LWD, overhanging vegetation, riffles and pools as feasible; 3) side channels and 

sloughs behind levees will be presumed to have an indefinite lifetime with local sponsor maintenance; 

and 4) side channels and slough unprotected by levees may last fewer than 10 years, but will provide 

important habitat in the interim until the river changes course and creates new habitats. Side channels 

provide important rearing and winter refuge habitat for most salmon species as well as habitat for 

amphibians, reptiles and waterfowl. 

4.7.4 Levee Removal 

Removing levees allows the river to naturally create habitats such as side channels and floodplain 

wetlands when it is no longer constrained by non-erodable materials (riprap, etc.). In locations where 

there would not be any adverse effects from flooding, levees, can be removed entirely. This project type 

will also include revegetation of the floodplain with native trees and shrubs, particularly conifers. Design 

criteria utilized for levee removal included: 1) levees are only to be removed if there will be no increased 

flooding elevation or frequency to adjacent private property (or with landowner’s permission); and, 2) 

removal of levees may require additional bank protection further back from the river to protect roads or 

other facilities. Unconstrained river reaches provide better spawning and rearing habitat opportunities 

because of reduced bed scour and increased input of LWD from the riparian zone. 

4.7.5 Levee Setback 

Setting back levees allows the river a greater floodplain area to meander and create habitats. In locations 

where there is vacant floodplain habitat behind a levee, but a need to still protect structures further back, a 
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levee can be set back as far as possible while still providing flood or erosion protection. This project type 

will also include revegetation of the floodplain with native trees and shrubs, particularly conifers. Design 

criteria for levee setback were the same as for levee removal. Levee setback projects will have smaller, 

but similar benefits to salmon spawning and rearing habitats by reducing bed scour and providing a 

source for LWD input to the river system. 

4.7.6 Wet/and Creation/Restoration 

The levees and other channelization measures on the river prevent floodplain inundation and have 

disconnected wetland habitats from the river. In some cases wetlands have been filled in or highly 

degraded due to activities such as agriculture or urban development. This project type would reconnect 

the river to a floodplain area with an existing or former wetland habitat and enhance the wetland for use 

by fish and wildlife by creating a diversity of wetland types such as open water, emergent marsh, 

scrub/shrub or forested. LWD would also be placed in many of these wetlands. Design criteria for 

wetland creation/restoration included: 1) maximize wetland diversity by varying the topography of the 

project to allow differing levels of inundation; and, 2) create upland refuge habitat within the wetland for 

amphibian use. Wetlands provide flood storage, sediment control, nutrient uptake, groundwater recharge 

and habitat values for fish, waterfowl, amphibians, reptiles and other wildlife. 

4.7.7 Levee/Bank Bioengineering (Project Specific and Programmatic) 

In the lower Green/Duwamish River approximately 80% of the river is contained within levees or 

armored banks to protect the extensive urban and industrial development in the floodplain. This project- 

specific and programmatic project type would bioengineer these levees and banks by placing LW’D into 

the structures and providing bank revegetation. The Corps will work with King County programmatically 

in the entire lower river area to install LWD and revegetate whenever the levees or banks would be 

undergoing routine maintenance. All of these projects are in the lower middle Green River basin between 

Auburn and Tukwila. Design criteria for bioengineering included: 1) bioengineering features must still 

provide effective erosion control to prevent damage to existing facilities; 2) bioengineering features must 

not raise the 100 year flood surface elevation; and 3) bioengineering features ‘must not be overtly 

dangerous to recreational boaters. These projects will provide some rearing and winter refuge habitat for 

salmon juveniles in a long reach of the river without side channels and other low velocity habitats. 

Without winter refuge habitat, juvenile fish are often washed out into the estuary and Puget Sound when 

they are not ready to smolt, and hence, die. 
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4.7.8 Tributary Restoration 

Many of the tributaries that flow into the Green/Duwamish River have poor connections to the river that 

discourage fish passage, and are in need of other types of restoration such as gradient reduction, sediment 

control, and riparian revegetation. These projects will include features such as new meandered channels, 

placement of spawning gravels, removal of noxious weeds, revegetation of the riparian zone and 

floodplain with native trees and shrubs, and the placement of LWD. Tributaries to the main river system 

provide spawning and rearing habitat for salmon species such as coho and chum salmon and steelhead 

and cutthroat trout. The lower reaches of tributaries can also provide excellent refuge or rearing habitat 

for all salmon species. 

4.7.9 Gravel Nourishment 

The sediment load has been severely reduced as a result of the construction of HHD and existing 

spawning gravels are frequently scoured out due to channel confinement with levees and other structures. 

This programmatic project type will place spawning sized gravels into the GreenIDuwamish River in 

areas upstream of reaches that are lacking in spawning gravels. The two primary locations would be in 

the upper Green River basin between HHD and the Tacoma diversion dam and downstream of the Green 

River Gorge in the middle Green River basin. The lack of appropriate spawning substrate in the river is 

becoming a major limiting factor to wild s,almon production. 

4.7.qO Large Woody Debris Placement 

The lack of large trees in the riparian zone and the lack of high peak flows have dramatically reduced the 

supply of large woody debris in the GreenAIuwamish River. LWD creates channel diversity causing 

localized scour and pool formation and the retention of gravel in bars and riffles. This programmatic 

project measure type will create engineered logjams into the river in several locations between Highway 

18 and Palmer, all within the middle Green River basin. Areas with LWD are extensively utilized for 

adult spawning and cover by juvenile salmon. 
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4.7. I I Volunteer Revege ta tion 

The lack of riparian and floodplain vegetation has resulted in a lack of LWD recruitment to the river 

system and also caused a lack of shading and cover for the river increasing water temperatures and 

decreasing the habitat value for fish species. This programmatic project type will provide funds to ’ 

purchase plants for a number of volunteer planting projects along the entire river system. Several project- 

specific projects would be implemented during each year of construction, The Corps will work with King 

County to develop a final list of projects for this programmatic restoration measure. 

4.8 Feasibility Screening 

During feasibility, the list of projects was expanded and ranked a second time by the expert panel. _ 

Several of the projects initially identified during the reconnaissance phase were eliminated from further 

consideration because of the identification of limited benefits or no demonstrated feasibility of actually 

constructing the project. Three of the twelve general types of restoration measures were dropped from the 

plan, either because the restoration measure could not be accomplished under the authority and timeframe 

of this study or it was not politically acceptable to the local sponsor(s). Those three types are 

acquisition/preservation, flow modification, and low flow augmentation. Under the HHD Additional 

Water Storage Project, low flow augmentation is one of the primary objectives. 

Also during the second screening phase, one of the twelve general project types was converted into a 

programmatic measure type (gravel replenishment) and three other programmatic measures were added: 

LWD placement, volunteer revegetation, and mainstem levee bioengineering (maintenance). The result 

was a total of nine generic project types and four programmatic types with a total of 75 projects or 

programatic musures for evaluation. After this initial screening by the WRG, a total of 67 projects are 

considered to be feasible for implementation. 

In the remainder of this document when we refer to projects and programmatic measures together we will 

use the turn projects for simplicity. 

King County was interested that several of the 67 projects identified by the WRG be implemented on a 

“fast-track” to ensure that the County Council would continue to support this study. During 1999, two 

fast-track projects were implemented: an intertida! wetland and reconnection of a tributary (Puget Creek) 

in the Duwamish River; and the reconnection of a side channel in the middle Green River (Porter Levee 

Side Channel). These projects were easily implementable under the Section 1135 program because they 

were less than $300,000 federal, which meant they qualified for the one-step planning and design phase 
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and the property was already owned by King County or another’public agency. One other project has 

been identified for fast-track implementation, the placement of LWD in an existing slough at 

Metzler/O’Grady Park. 

’ 

After implementing these fast-track projects and further investigation that identified real estate constraints 

at several other projects, the list of projects was further screened down to 49 projects for detailed 

evaluation. 

4.9 Array of Alternatives for Detailed Evaluation 

A total of 49 individual or programmatic projects were evaluated to determine their feasibility for 

implementation under this ecosystem restoration study. At each project appropriate combinations of the 

general restoration measures were selected. Detailed specifications of the specific measures proposed for 

each project are included in the Engineering Design Appendix. Table 4-3 presents the projects 

considered. The location of each project is indicated on Figures 2 through 4. During the project 

evaluation phase of the feasibility study, two projects (in addition to those identified in Section 4.8) were 

pulled from further consideration for fast-track implementation through ,other programs. These two 

projects are projects “I” (Boundary Creek Culvert) and “AU” (Maywood Creek Culvert).in Table 4.3. 

Projects “I” and “AU” are not included in further documentation in this report. This resulted in 47 

alternative projects for comparison of costs and benefits. 

4.10 Environmental Benefits and Costs of Alternatives 

This section provides cost estimates and environmental output estimates associated with implementation 

of restoration measures for each of the 47 projects. The preliminary cost estimates account for 

preconstruction engineering and design (PED), real estate requirements (lands, easements, rights-of-way, 

relocations, and disposal (LERRD)), supervisory and administrative (S&A) support, construction, 

construction management, project monitoring costs, and operation and maintenance (O&M) costs. Table 

4.4 presents the line item cost estimates for each project. All cost estimates presented in this feasibility 

report are in October 2000 price level. Present values for future O&M and monitoring expenditures are 

calculated using the current federal interest rate for water resources projects of 6.875%. 

4-11 



G~.eer~/D~ru~~n,~~isI,t Bnsin 
Ecosystettr Restoration 

Fensibility Report 
October 2000 

Table 4-3. Projects Evaluated in Feasibility Study 

Site Name Location Site Type 

. . . 
AQ Olsen Creek Culvert Upper Tributary Culvert Modification 

R Black River Marsh Estuary Estuary Marsh Habitat 

AS Elliott Bay Nearshore h Estuary Estuary Habitat 

AT Merlin0 Reach Tributary Tributary Restoration 

AU Maywood Creek Culvert Upper Tributa’ry Culvert Modification 

AV Lower Springbrook Reach Tributary Tributary Restoration 

AW Mainstem Maintenance Lower Green Levee/Bank Bioengineering 
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Table 4-4. Cost Breakdown for Alternatives 

,411 costs esfhafes are in Ocfober 2000 cost level. 

Present valrres forfktare O&M and Motritoritrg expenditures are calculated using currentfederal interest rate of 6.875% 

4-13 



GreetdDmwttish Basin Feeosibility Report 
Ecosystem Reszoraliort Oclober 2000 

Output estimates are measured in eco-units (described in Section 4.6), which provide quality- and 

quantity-based estimates of environmental benefits. Table 4-5 summarizes the cost and output estimates 

for restoration at each of the 47 projects (affected acres of habitat are also listed). 

Table 4-5. Cost and Output of Restoration at Each Project 

Affected Env. Quality Outputs (Eco. 

Site Name Location Site Type TOTAL COST Acreage Index Unitsj 

A NE Auburn Creek Tributary Culvert Modification $ 1,016,5711 107.d 0.611 

i B Mainstem Green River LWD Middle Green Programmatic LWD 5 2,465,7361 13 

C Volunteer Revegetation Watershed-wide Volunteer Revegetation $ 3, 
^^ . “^ 

D Sweeney Creek Culvert Upper Tributan/ Culvert ModiScation 

E Tributary 

F Turley Side Channel 

G Hamakami Levee 
H Sunday Creek 

Middle Green Side Channel M 
Middle Green Wetla 
Upper Tributary Tribul 

:hannel IMiddle Green ISide Channel Modification 

ributaty (Culvert Modification IS 380,670 1 5.71 0.621 4.711 

on Creek ITributary ITributary Restoration I$ 203,657 1 

others Reach 
T Horsehead Bend 
U Schuler Bn 
V Upper Sprinpbrook Reach 
W Duwamish Site 1 

Estuary Marsh Habitat $ 1,743.657 la.01 o.as] 15.4 
ILower Green [Side Channel Modification $ 1,046.043 14.11 0.751 10.5 

ITributary ITributary Restoration $ 4.035193 c 

ITributary 
IEstuary 

ITributan/ Restoration 
I Estuary Marsh Habitat 

a0.7 0.66 59.90 

I$ 319,012l 2.9 0.64 f .a5 
IS 2.120.9281 22.0 0.79 17.29 

X 
7 Gilliam Creek 

2 Big Spring Cree rutary (Wetland Habitat IS 1,550,76lI 14.91 0.891 

ZA Upper Green River Side Channels IUpper Green ISide Channel Modification I 5 I ,295.8121 12.4 o.sal 

ILake Meridian Outlet Tributary [Tributary Restoration I$ 1.182.5381 9.91 0.821 a.15 
Lower Green (Culvert Modification I$ 919.5961 6.7) 0.711 4.76 

tk Trit 

ZB 
zc 
75 
ZE 
-z - 

ZG 

May Creek Culvert 

Ray Creek 
Riverton Creek 
Meridian Valley Creek 
Flaming Geyser Side Channel 
Green River GraveA Replenishment 

ZH Goedeke North Reach ITributar 

ZI Wetland 5K Reach (Tributary ITributaty Restoration IS 2,806,9621 41.9’ 0.75 31.43 
‘ZJ Ri\ rerstde Estates Side Channel IMiddle Green ISide Channel Modification I $ 766,330 1 11.4 0.75 a.55 
ZK Gold Creek Culvert IUpper Tributary ICulvert Modification IS 264,002l 0.9 0.79 0.72 

24.3 0.54 13.00 - 
19.8 0.75 14.84 

5.0 
65.2 
55.2 

140.4 
1903.9 

0.68 

0.75 
0.64 
0.86 

3.39 
48.92 

35.45 
120.2 

1,454.32 1903.9 1,454.32 

All costs estitaates are itr October 2000 cost level. 

Present vahces forfirtare O&M and Motritoring cotnpoaeats of total cost were cahlated asitrg carretttfederal interest rate of 6.875% 
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4.11 Cost Effectiveness and Incremental Cost Analysis 

The cost and output information presented in the previous two sections is the input for cost effectiveness 

and incremental cost analyses to evaluate the relative effectiveness and efficiency of the different 

alternatives at producing environmental outputs. To conduct the analyses, the procedures identified in the 

Corps procedures manual for conducting cost effectiveness and incremental cost analyses (IWR Report 

#95-R-l, USACE, May 1995) were followed. These steps include: 1) display costs and outputs of 

alternatives, 2) identify combinable alternatives, 3) derive combinations and calculate costs and outputs, 

4) identify cost effective plans, 5) calculate and display most efficient alternatives through incremental 

cost analysis. The results of the steps are summarized below. 

Step 1) Disnlav Costs and Outputs of Alternatives: Table 4-6 provides a display of the costs and outputs 

associated with each project. The projects are sorted by the output they each provide. 

Step 2) Identify Combinable Alternatives: Because each alternative under consideration is an individual 

independent project, all alternatives are combinable with all others. None of the projects are dependent 

on any other project being implemented for feasibility. 

Step 3) Derive Combinations and Calculate Costs and Outputs: Because of the large number of 

combinable projects (47), the derivation of all possible combinations was impossible. The number of 

possible combinations was calculated to be 3.88e+78. 

Step 4) Identifv Cost Effective Plans: Again, because of the large number of combinable projects (47), it 

was determined that the identification of the set of cost-effective plans was not feasible for this study. 

Instead, the analysis proceeded directly to incremental cost analysis to identify the most efficient plans at 

producing increasing levels of environmental outputs (see Step 5, below). 

Step 5) Calculate and Displav Most Efficient Alternatives through Incremental Cost Analvsis: 

Incremental cost analysis was conducted to identify those cost-effective solutions that are the most 

efficient at producing environmental outputs. These most-efficient plans are referred to as “best-buys”. 

They provide the greatest increase in eco-units for the least increase in cost per eco-unit. The analysis 

resulted in the identification of 48 best-buy plans (including the no-action plan). Table 4-7 provides the 

48 restoration alternatives, with the values for their total costs and outputs, ordered by increasing 

incremental cost per unit. Table 4-8 displays the incremental cost analysis of the 48 most efficient 

combinations of the restoration alternatives (alternatives are added in order of sequentially increasing 

incremental cost per unit). 
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Table 4-6. Ecosystem Restoration Alternatives (sorted by output) 

OUTPUT 
Site Tvoe TOTAL COST (Eco-Units) Location _. 

ITributary (Tributary Restoration IS 8,618,8691 

1 Lower Green ILeveelBank Bioengineering ( $ l1,090,969l 120.2 

IMiddle Green (Programmatic LWD I$ 2,485,736/ 111.7 

Site Name 

E 1 Newaukum Creek 
ZW IMainstem Maintenance 

1 B IMainstem Green River LWD 
C IVolunteer Revegetation 

0 IMullen Slough 

IWatershed-wide IVolunteer Revegetation I$ 3,267,8341 

ILower Green ISide Channel Modificati 

107.14j 

A E H 
ZG Replenishment 

U Schuler Brothers Reach 

ZO Mill Creek East 
Q Flaming Geyser Landslide 

ZT Merlin0 Reach 
R Lones Levee Removal 

ZH Goedeke North Reach 

Tributary Tributary Restoration $ 4,035,193 59.90 

Tributary Tributary Restoration $ 88294,544 52.99 

Middle Green Flaming Geyser Landslide $ 4,700,494 51.43 

Tributary Tributary Restoration $ 7,803,727 48.92 

Middle Green Levee Removal $ 3,762,215 39.43 

Tributary Tributary Restoration $2 8,002,916 36.68 

ZV Lower Springbrook Reach 
ZI Wetland 5K Reach 
J Porter Levee Setback 

ZF Flaming Geyser Side Channel 

ZC Ray Creek 
W Duwamish Site 1 
ZN Prentice Nursery Reach 

Tributary 
Tributary 
Middle Green 
Middle Green 
Middle Green 
Estuary 
Lower Green 

G IHamakami Levee 
S ICodiga Farms 

1 Middle Green 
1 Estuary 

ZMxrison Creek 
Z IBig Spring Creek 

ITributary 
ITributary 

F ITurley Side Channel IMiddle Green ISide Channel Modification 1 $ 399,212 1 13.q 

ZL Burns Creek Tributary Tributary Restoration $ 1,260,609 13.001 

T Horsehead Bend Lower Green Side Channel Modification $ 1,046,043 10.55 

ZJ Riverside Estates Side Channel Middle Green Side Channel Modification $ 766,330 8.55 

ZA Upper Green River Side Channels Upper Green Side Channel Modification $ 1,295.812 8.49 
l!i I X (Lake Meridian’Outlet 

[ K 1 Kaetch Side Channel 
P IOlson Creek 

1 ZD IRiverton Creek 

ITributary ITributary Restoration I$ 1,182,5381 8. 

D Sweeney Creek Culvert 
ZB May Creek Culvert 

Y Gilliam Creek 
N Gale Creek Culvert r . 

1 M IGreen River Park 
ZR IBlack River Marsh 
L 1 North East Creek Culvert 

ZS Elliott Bay Nearshore 
ZE Meridian Valley Creek 

V Upper Springbrook Reach 
ZK Gold Creek Culvert 

IMiddle Green I Side Channel Modification I $ 434,4521 

ITributary ITributary Restoration IS 203,6571 

I ITributary Restoration I$ 947,729 1 
5.3q 

Estuary 5.36 

I$ 478,141 1 4.99 

ication I$ 919,5961 4.76 
1 

Upper Tributary Culvert Modification I$ 243,7841 5.341 

Upper Tributary Culvert Modification 
Lower Green Culvert Modif 
Upper Tributary Culvert Modification I$ 380,870l 4.711 

ILower Green ISide Channel Modification 1 $ 706,627l 4.13 

1 Estuary IEstuary Marsh Habitat 1 $ 221,8401 3.99~ 

IUpper Tributary ICulvert Modif ication IS 326,635j 3.71, 

Estuary 
Tributary 
Tributary 
Uooer Tributarv 

1 ZQ IOlsen Creek Culvert IUpper Tributary 

Estuary Habitat 
Tributary Restoration 

Tributary Restoratiqn 

IS 565,960 1 3.391 

IS 580,741( 2.79 

Is 319,012l 1.85 

Culvert Modification 
Culvert Modification 

I$ 264,002j 

I$ 238,292 1 

All cost estirnntes we in October 2000pn’ce level. 

Present valrres for frrture O&M and Monitoring cotnponents of totaal cost were calculated usbtg carrent federal iaterest rate of 6.875%. 
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Table 4-7. Ecosystem Restoration Alternatives (Sorted by Inc. Cost) 
All cost estimates are in October 2000price level. 

Preserrt values forjiaare O&Wand Moaitoriag components of total cost were calculated asiag crrrrentfederal interest rate of 6.875%. 

C IVolunteer Revegetation (Watershed-wide IVolunteer Revegetation 

ITributary [Tributary Restoration IS 8,616,669 1 192.00 1 $ 44,890 

m]mrLevee Setback IMiddle Green ILevee Setback I$ 1,552,439 1 30.461 $ 50,971 1 

U ISchuler Brothers Reach 

N Gale Creek Culvert 

L North East Creek Culvert 

ZI Wetland 5K Reach 

ZJ Riverside Estates Side Channel 

Q Flaming Geyser Landslide 

NV Mainstem Maintenance 

ITributary (Tributary Restoration I$ 4,035,193 1 

per Tributary ICulvert Modification Is 360,670 1 4.711 $ 80,919 UPI 
Upper Tributary Culvert Modification $ 326,635 

Tributary Tributary Restoration $ 2600,962 

Middle Green Side Channel Modification $ 766,330 

Middle Green Flaming Geyser Landslide $ 4,700,494 

Lower Green Levee/Bank Bioengineertng $ 11,090,969 

s Levee Removal 

ALL SITES TOTALS: B 118,973,794 1,454.32 
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Table 4-8 Incremental Cost Analysis 

Total Change in Change in Inc. Cost 
Total Cost OutPut cost 0utrNlt oer Unit 

$3.502,3061 176.751 $ 2,485,736 1 111 

..--. -. _~. -,~ 

8 IA+B+O+F+C+P+AN 1 $10,023,8681 39i3.121 ; 647,937 1 16Qd S - - - 36 IQA - -, - 
Q IA+B+O+F+C+P+AN+E 1 $18.642.736) 590.121 $ 8,618,869 1 192 nnl P 4d mn I-- . .,--v 

lo A+B+O+F+C+P+AN+E+D $18,886,520 595.46 $ 243,784 5.34 $ 45,652 

11 A+B+O+F+C+P+ANtE+D+J $20,438,959 625.92 $ 1.552,439 30.46 $ 50,971 

12 A+B+O+F+C+P+AN+E+D+J+H $23,722,672 688.64 $ 3,283,713 62.72 $ 52,352 

13 A+B+O+F+C+P+AN+E+D+J+H+AF $24,911,943 711.13 $ 1,189,271 22.48 $ 52,898 
,A A+R+O+F+C+P+AN+E+,,+J+,,+M=+AR $25.133.782 715.12 5 221.840 3.99 5 55.569 ._._ -_, -. -~~1 --, ~~ ~.~ , 

IE. IA+R+o+F+~.+P+AN+E+o+J+H+AF+AR+G I w6OR7Ifiel 731191 5 948.366 1 16071$ 59 nn3 
, ”  .  .  -  - . ,  -  _ 

-  -  - - - , -  - _ , . - - ,  . - _ . .  -  _ ._,__. 

16 IA+B+O+~+C+P+AN+E+D+J+H+AF+AR+G+K 1 $26,516,6201 738.381 $ 434,452 1 7.191 $ 60,448 

17 IA+B+~ 1 $30,551,6131 798.281 $ 4,035,193 1 59.90) $ 67,365 

1 $30,932,6831 802.991 $. 380,870 1 4.711 $ 80,919 18 A+BtO+F+C+P+AN+E+D+J+H+AF+ARtGtK+U+N 

IQ A+B+O+F+C+P+AN+E+D+J+H+AF+AR+G+K+U+N+L 531,259,317 806.69 $ 326,635 3.71 $ 88,071 

20 A+B+O+F+c+P+AN+E+D+J+H+AF+AR+G+K+U+N+L+Al $34,060,279 838.12 $ 2,800,962 31.43 $ 89.132 

21 A+B+O+F+C+P+AN+E+D+J+H+AF+AR+G+K+U+N+L+AitAJ $34,826,609 846.67 $ 766,330 a.55 $ 89,629 

22 A+B+O+F+C+P+AN+E+D+J+H+AF+AR+GtK+U+N+L+AltAJtQ $39.527,103 898.10 $ 4,700,494 51.43 $ 91,398 

23 A+B+O+F+C+P+AN+E+D+J+H+AF+AR+G+K+U+N+L+AW $50,618.072 1018.36 $ 11,090,969 120.26 $ 92,227 
‘,A A+B+O+F+C+P+AN+E+D+J+H+AF+AR*G+K+U+N+L+Al+AJ+Q+AW+R $54.380.287 1057.78 s 3.762.215 39.43 5 05.477 

_. 
- - - 

25 ~AcB+O+F+c+P+AN+E+D+J+H+AF+ARtG+K+U+N+L+AI+AJ+O+AW+R+AB 1 ;54:858:4281 1062.771 ; '47&41 1 4.991 $ 95,799 
+RCAI I 556.119.0371 1075 781 5 1.260.609 1 13 noI%4 96 5157 

565,897,5411 1160.401 $ 2,120,928 1 17.291 $ 122,698 1 

.- _~ ., .~.._~ 
?O 1 +RtAl +T+S+Z+AM+AP+W+XtAG+AA+AO+AT+AS+M I 505201.861~ 1348.531 i 706:627 1 4.131 5 171 %-IA 
_- .- 

- , T--~--.3-- , --, _ ..- r ..-__ 

40 . ..+R+AL+T+S+Z+AM+AP+W+X+AG+AA+AO+ATtAS+M+V 1 $95,520.8731 1350.38) $ 319:0;2 1 I.851 $ 172,306 

41 . ..+R+AL+T+S+Z+AM+AP+W+X+AGtAA+AO+AT+AStMtV+AC 1 $96,609,3241 1368.181 $ 3,088,451 1 17.801 $ 173,554 

42 . ..+R+AL+T+S+Z+AMtAPtW. *X+AG+AA+AO+AT+AS+MtV+AC+AD 1 $99,557,0531 1373.541 $ 947.729 1 5.361 5 176.969 1 

1 -I 43 . ..+R+AL+T+S+Z+AM+AP+W+X+AG+AA+AO+AT+AS+ $100,476,649 1378.30 $ 919,596 4.76 $ 193,019 

44 . ..+R+AL+T+S+Z+AMtAP+W+XtAG+AA+AO+AT+AS+M+V+Ac+AD+y+A~ $101,057,390 1381.10 $ 580,741 2.79 $ 207,805 

45 . ..+R+AL+T+S+Z+AM+AP+W+X+AG+AA+AO+AT+AS+M+V+Ac+ADty+AEtAH $109,060,306 1417.78 $ 8,002,916 36.66 $ 218,180 

46 . ..+RtAL+T+S+Z+AMtAP+W+X+AG+~+AO+AT+AS+M+V+Ac+AD+Y+AE+AH+AV $117,571.500 1453.23 $ 8.511,194 35.45 $ 240,066 

47 . ..+R+AL+T+S+Z+AM+AP+W+X+AG+AA+AO+AT+AS+K $117,635,502 1453.95 $ 264,002 0.72 $ 365,220 

48 . ..+RtAL+T+S+Z+AM+AP+W+X+AG+AA+AO+AT+AS+M+V+AC+AD+Y+AE+AHtAV+AKtAQ $118,073,794 1454.32 $ 238,292 0.36 $ '654,135 

All cost estitnnfes nre in October 2000price level. 

Present values for frrtare O&M and Monitoring components of total cost were calcalated using current federal iaterest rate of 6.875%. 
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The data in Table 4-8 is displayed graphically in Figure 4-l. The figures displays the sharp increase in 

incremental cost that are accompanied by small increases in output for plans providing more output than 

Plan 46 in Table 4-8. Plans 2 through 46 show relatively smaller increases in incremental cost for 

increases in output, while plans 47 through 48 have a large increase in incremental cost for relatively 

small increases in output. 

FIGURE 4.1 
GREEN-DUWAMISH RESTORATION - INCREMENTAL COST ANALYSIS 

0 200 400 600 800 

OUTPUT 

1,000 1,200 1,400 1,600 

4.12 Selected Plan 

Based upon the cost effectiveness and incremental cost analyses, Plan 46 in Table 4-8 has been selected 

as the National Ecosystem Restoration Plan. The plan would implement 45 of the project specific and 

programmatic alternatives. The plan would significantly restore ecosystem level functions and processes. 

It would provide significant ecosystem benefits by addressing the majority of limiting resource problems 

in the basin, providing restored habitats where needed to address all riverine life stages of endangered 

salmon. Furthermore, the plan would provide,a very significant increase in habitat connectivity from the 

estuary all the way to the upper watershed. Table 4-9 provides a summary of the features in the ‘selected 

plan sorted by watershed location. 
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W (Duwamish Site 1 IDuwamish Estuary 
-. 

IEstuary Marsh Habitat I$ 2,120.926 1 
- 

ZS Elliott Bay Nearshore 
ZD Riverton Creek 

ZW Mainstem Maintenance 

T Horsehead Bend 
M Green River Park 

A NE Auburn Creek 
0 Mullen Slough 
P Olson Creek 

ZN Prentice Nursery Reach 
U Scht 
ZI Wetland 5K Reach 

-7.‘ ,-.___I^^^ Pr,.-lr 

Jler Brothers Reach 

Table 4-9. Selected Restoration Projects (sorted by location) 

Site Name LoCation Site Type 

OUTPUT Inc. Cost per 
TOTAL COST (Eco-Units) Unit 

ITributary Restoration I$ 203,6571 5.361 $ 36,016] 
ISide Channel Modification 1 $ 647,937 1 16.96 $ 38,194 

59.90 $ 67,365 
ITributary Restoration I$ 2,800,962 1 31.43 $ 69,132 
TAk,,l..n, Dactnrltinn IP 1 741 IA1 I IARA C 117 9R7 

ITributary Restoration IS 4,035,193 1 ILower Green Tributary 

ILower Green Tributary 
1Lower Green Tributary 

ILower Green Tributary 
t mI.lnr c.aon Td.#,+.,n, 

, Ll”, ,“““‘““I, tdti=n ,LY”“W “IWTII I ““YL.ay , I ,,YY,o,y I\II1L”I”.I”II I 

II 

1,171,1-1, s...,, I .,,,--, 

on 8,294,544 1 

butary ITributary Restoration Is 7,803.7271 

Setback IMiddle Green Mainstem ILevee Setback 

VRI Nmrishment 

ISide Channel Modification I $ 434.4521 7.191 $ 60,448 1 

1s Side Channel IMiddle Green Mainstem ISide Channel Modification ( $ 766,3301 

e Channel Modification I 5 1,575,974 1 13.231 $ 119,i661 

L 

ZL IBurns Creek IMiddle Green Tributary 
. . . ^ - . . 

_,_._, ,.- _.._..... -... 

Tributary Restoration 

Tributary Restoration 
‘.’ rtland Habitat 

8,618,869 192 001 $ 44890 

$ 1,260,609 
$ 1.550,761 

1 

#unday Creek (Upper Green Tributary 
ICulvert Modification 
ITributary Restoration 

I5 243,784) 5.341 5 45,652 1 

I$ 3,283,7131 

*Costs we im October 2OOOprice level. 

Selected Projects in Duwamish Estzraw Zone: As noted in the report, 98% of estuarine habitat has been 

lost in the basin. This habitat is vital to the survival of salmon, providing the transitional zone where the 

fish adjust for the change from freshwater to saltwater, The ,selected plan includes four estuary 

restoration projects and one estuarine tributary habitat restoration project. Based on the significance of 

this habitat for survival of salmonids in the system, the environmental benefit provided by all 5 estuary 

restoration projects were determined to be worth their incremental cost. 
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Selected Projects ilz Lower Greefa River: Development in the Lower Green River Watershed has resulted 

in a dramatic loss in watershed function and productivity. The selected plan includes 3 restoration 

projects on the Green River Mainstem. Existing development including flood control constrains the 

opportunities for restoration along the Lower. Green River mainstem. Because of the scarcity of refugia 

and rearing habitats in the basin the environmental benefit provided by both Lower Green River side 

channel projects was determined to be worth their incremental cost. In addition, because of the scarcity of 

quality riparian habitats and the resultant effects on water temperature and in-channel habitat quality, the 

Mainstem Maintenance project was determined to be worth its incremental cost. 

Thirteen tributary restoration projects in the lower Green River Watershed were selected for 

recommendation (see Table 4-9). The environmental benefit provided by each project was determined to 

be worth its incremental cost. The projects address identified watershed resource problems, including 

loss of channel complexity and in-channel structure, water quality degradation, barriers to fish passage, 

floodplain disconnection, and changes in riparian habitat. The projects include culvert modifications, side 

channel modifications, and tributary restoration. 

Selected Projects in Middle Green River: Agricultural and transportation development, in the Middle 

Green River Watershed has resulted in dramatic habitat degradation and diminished ecosystem functions 

and processes. Eleven projects were selected for recommendation along the middle Green River 
mainstem (see Table 4-9). The restoration of in-channel, refugia, and rearing habitats through the reach 

are required by migrating salmonids. The environmental benefit of each of the eleven middle Green 
River mainstem restoration projects was determined to be worth its incremental cost. The projects 

include the reintroduction of large woody debris, levee setbacks, levee removal, side channel 

modifications, wetland restoration, and sedimentation management. 

Six tributary restoration projects in the middle Green River Watershed were selected for recommendation 

(see Table 4-9). The environmental benefit provided by each project was determined to be worth its 

incremental cost. The projects address identified watershed resource problems (see Table 4-l), including 

loss of channel complexity and in-channel structure, water quality degradation, barriers tofishpassage, 

floodplain disconnection, and changes in forest structure and composition (riparian). The projects 

include culvert modifications, side channel modifications, wetland habitat restoration, and tributary 

restoration. 

Selected Proiects in Upper Green River: One project was selected on the upper Green River mainstem. 

This side channel restoration project was determined to be worth its incremental cost. Five tributary 

restoration projects were selected in the upper Green River Watershed. The output provided by each 

project was determined to be worth it’s incremental cost. One of the projects is tributary habitat 
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restoration and four are culvert modifications. The projects address the identified resource problems (see 

Table 4-l) of barriers tofishpassage and habitatfingmentatiou. 
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5. DESCdlPTlON OF SELECTED PLAN 

The recommended National Ecosystem Restoration (NER) Plan includes 45 individual projects 

representing all nine restoration measures plus all four programmatic restoration measures to place LWD 

and gravel in the middle Green River, provide bioengineering modifications to mainstem levees and 

implement volunteer revegetation projects. The total estimated cost for this plan is $127,929,400 (present 

value is $117,571,500) to restore and provide access to 1903 acres of aquatic andriparian/floodplain 

habitat, providing an additional 1,453 ecounits of project output. This cost estimate includes all costs 

(PED, LERRDs, S&A, Construction Mgmt., Construction, Monitoring, and OMRR&R.) Present value 

was calculated using current 6.875% federal interest rate and a 50-year period of analysis. All 

engineering cost estimates were developed in October 2000 price level. Real Estate estimates are in 

current prices. Table 5-l provides a summary of the selected projects, including location, project type, 

total project cost, present value of total project cost, output (eco-units), and affected acreage. 

The primary significance of this ecosystem restoration plan is that it will restore habitats and migratory 

corridors of particular importance to both wildlife species and almost every life history stage of the 

salmon species, including federally listed endangered species. Dramatic historical reductions in these 

vital habitats and corridors have produced the major limiting factors for these species within the basin. 

The only salmon life history stage not addressed by this plan is ocean rearing. The value of restoration is 
greatly diminished when there are no corridors to connect restored projects to each other, even if localized 

benefits can be achieved. This is particularly true for fish species. It is important to provide frequent 

restored habitats and improved migration corridors to facilitate upstream and downstream migration, 

rather than the stressful conditions that currently exist for vast stretches of the river between small 

restoration projects. For the salmon species it is also very important to restore all of the types of habitats 

utilized by various life history stages, particularly habitats that limit production. Otherwise, improved 

production from one type of habitat is almost completely negated by the limited capacity of the habitat 

required for the next life history stage (i.e. improved spawning habitat doesn’t guarantee increased 

production of smolts if rearing habitat is severely limited). 

The overall effect of the NER plan is best shown in the basin map showing the locations of all the projects 

as they are distributed around most of the entire watershed (see Figures Two through Four) and address 

nine of the ten major resource problems in the watershed. All of the proposed projects are described in 

further detail in the Programmatic EIS for the study (published under separate cover). 
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Table 5-l Selected Projects Summary 

Prolect cost 

Affected 

Output (Eco- Are.9 

ALL SITES TOTALS: 0 127,929,375 $ 117,571,500 1,453.23 1.902.5 

All costs nre presented in OctoOer 2000 price levels 

* Actunl v&e in Oclober 2000price level’(inclucles PED. LERRDs, S&A, Construction Mgmt., Construction, Monitoring, and O&M. 

**Future expenditures m-e discounted to~~enr 2000 level using FYOOfederd inleresl rate of 6.875% for writer resources studies. 

5-2 



Green/Dm+wnlish Bnsh 
Ecosyslern Resfornlion 

Feasibility Report 
October 2000 

5.1 Monitoring 

5. I. 7 Monitoring Plan 

The role of project monitoring in environmental restoration activities is to guide the maintenance or 

modification of the project to realize intended project benefits and to collect information useful for further 

restoration efforts. Monitoring serves to ensure the ultimate success of the project and overall project and 

provide meaningful data to help in the design of future restoration projects (USACE, 1996 Planning and 

Evaluating Restoration of Aquatic Habitats.) 

Corps policy states that post-construction monitoring should be designed to evaluate whether or not 

environmental measures are working as planned following their construction (USACE Policv Digest, 

Chapter I9 Environmental Restoration and Protection, 30 July 1999). Monitoring programs are guided 

by a monitoring plan. A monitoring plan will be completed and approved by the technical committee for 

this overall project prior to construction of the first projects, currently scheduled in 2002. This section 

outlines the approach that the monitoring plan will incorporate. 

Monitoring is planned to occur on a project specific level as well as a river reach level and ecosystem 

(basin) level. Monitoring will be tied to the specific restoration goals of each specific project. 

Monitoring plans may be developed for single projects or for groups of projects. 

Because there is much emphasis on restoring river-me processes where possible, geomorphic evaluation 
. 

may be part of the monitoring plan. In such cases, analysis of sediment distrrbution, river cross-sections, 

flow depths and aerial photos will be used to evaluate how successful the projects have been. 

The monitoring plan for each project or group of projects will address: 

1) Specific Goals and Obiectives 

Goals and objectives for each project will be specified in measurable terms for evaluating project success. 

2) Performance Criteria 

Performance criteria will be specified and actions (if any) required for different performance ratings. The 

criteria will be based on program and project objectives. 
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3) Monitoring Methods 

Monitoring and sampling methods will be specified in the monitoring plan. Specific methods under 

under consideration include: 

l Estuarine Habitat Assessment Protocol (Simenstad et. al. 1991) for evaluation of restoration project 
that occur in the estuary (such as the Port Susan and South Pass projects) 

l Standard methods for assessing in-stream fish use such as seining or electroshocking 

l Percent cover of vegetation and species 

l Assessment of biotic integrity for invertebrate analysis (Karr 198 1) 

l Physical data such as water quality to focus on dissolved oxygen, temperature and sedimentation and 
be consistent with the “Standard Methods for Evaluating Water and Wastewater” 

l Birds and other wildlife presence/absence and perhaps some behavior and productivity at selected 
projects 

4) Renorting Requirements 

The monitoring plan will specify a schedule and medium for reporting the findings of the monitoring 

program. The Corps will maintain a database on the results of the monitoring program and issue a report 

every two years after monitoring has been initiated. 

6) Feedback Mechanisms 

The monitoring plan will identify trigger points to activate adaptive management that are passed upon the 

Goals and Objectives (Item 1, above) and Performance Criteria (Item 2, above). Project success, as 

determined by performance criteria, may result in either: 

l No Action 

l Adaptive management (physical actions to move the program or project towards the desired 
objectives) 

l Modification of project goals and objectives 
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5.7.2 Monitoring Cost Estimate and Schedule 

Monitoring costs were estimated for each project based upon experience with ecosystem 

restoration projects in the Seattle District. Individual projects will typically be monitored over a 

five-year period, although in only either two or three of the five years. The longest monitoring 

period is for ten years (for alternative AW, Mainstem Maintenance) although monitoring occurs 

in only three of those ten years. For developing the feasibility cost estimate, monitoring costs 

and timing schedules were developed for each project. Table 5-2 displays the monitoring cost 

and timing information for each recommended project. The column “Monitoring Years” 

indicates the years following project construction in which monitoring is scheduled to be 

conducted. The Table shows the annual cost that is incurred in each of three monitoring years for 
each project. The Table also shows the total monitoring cost for each project and the present 

value of that cost. Per Corps’ policy, monitoring cost is apportioned at 65% federal, 35% non- 
federal sponsor cost for the 10 year duration of project construction. Any monitoring after the 

construction period will be a 100% sponsor cost. 

Monitoring is an important component to any restoration program. Monitoring serves to 

ensure the ultimate success of the project and provide meaningful data to help in the design of 
future restoration projects (Planning and Evaluating Restoration of Aquatic Habitats USACE, 
1996.). Restoration activities for the Green/Duwamish GI are large in scale (an entire river 

basin) and over a long duration (construction is expected to take ten years). The duration and 
costs of monitoring that are outlined in the feasibility report in a few instances exceed the current 

guidance. Typical recommendations for monitoring costs are 1% of the construction budget and 

the duration should not exceed more than five years. On few of the projects there is a 

recommendation to relax some of this guidance. 

As previously stated, this restoration is unique in terms of size, and length of 

construction. What is also unique are some of the restoration methods that are intended to help 

restore the habitat forming processes in the river basin. In the feasibility report, Table 5-2 

displays monitoring costs and what years monitoring would take place. Out of a total- of forty- 

five projects, eight of these suggest monitoring take place one time after the five-year period. 

All eight of these projects are of large scale and propose to physically change the hydrology in 

the reach of the river where they are located. All of these projects employ relatively new 

restoration techniques where information is limited on their effectiveness or there is no 

information on how the project would change current sediment deposition, erosion rates or local 
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changes in flooding. It is important to document for a number of reasons these changes. Some 

of these changes will probably occur after the five year recommended monitoring time frame and 

some of these projects will take a few years to stabilize as well, so it would seem prudent to 

obtain later year monitoring results. 

In regards to the cost of monitoring, this project exceed the recommended 1% guidance. 

When evaluating the types of projects that are proposed and the associated monitoring a 

deliberate effort was made to avoid doing research or projects that were too experimental. There 

was also a realization that habitat restoration is burgeoning science and all the answers are not 

yet available. At the same time, there is also an expectation from both reviewing agencies and 

the public that if this restoration initiative goes forward that monitoring of the projects will be 

able to provide some answers on effectiveness, impacts to endangered species and long term 

stability of the projects. In this regards, the need for additional monitoring costs come from the 

need to provide specific information on physical changes (i.e. changes to river morphology, 

sedimentation patterns etc.) to the environment and also to demonstrate improved biological 

productivity (fish use, increases in rearing and refuge habitat etc.). 

Examples of the need for additional physical data beyond the typical needs is 

demonstrated by: 

l Many of the projects are located along the mainstem of the river. The project areas 

experience wide ranges in both tidal inundation and river flow. This makes for a difficulty in 
estimating changes at the outlet channels, tributaries and sloughs even with detailed 

hydraulic and geomorphological studies. It is necessary to dedicate some monitoring money 

to physically survey these elevations to make sure that they were done correctly and 

determine if they need to be modified. This is also a highly erosive environment due to the 

same hydraulic features and there is a need to physically monitor channel morphology over 

time to insure stability or that the project is performing as designed. 

0 There are a few projects that include the placement of wood or gravel into the river system 

over large areas. While this type of restoration has occurred occasionally in other places 

there are few examples of this occurring at such a large scale in recently de-glaciated rivers. 

These projects have been designed to take an adaptive management approach. That is, they 

start at a small scale are monitored, and the effects are evaluated to determine what is the best 
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way to proceed. This type of approach is dependent on good monitoring information over 

several years. 

From a biological standpoint, the increased monitoring costs above the recommended 1% 

are needed to provide information on a few issues that are particular to this restoration program, 

They include: 

l One of the stated objectives of the project is to provide off-channel rearing and feeding 

habitat for juvenile salmonids and other fish species. There is little or no existing 

information documenting fish occurrence, density, residency and timing in many of the 
environments in this river. It would provide invaluable information for future similar 

projects. It will also be instrumental in evaluating the success of these projects and design of 

future projects . 

l Some of the species of fish that will be utilizing the project projects have a threatened status 

under the Endangered Species Act. Additional coordination and documentation (permits, 

additional Biological Assessments) are required to accomplish fish sampling. 

l Standardized monitoring protocols will be used for monitoring the project. This is so the 

information obtained will be consistent with other studies and can provide meaningful 

results. It may cost more to implement these procedures, but by following such procedures 

the information become useful to a larger. audience and to future projects. This approach 

seems to be consistent with the conclusion expressed in National Review of Non-Corps 

Environmental Restoration Proiects (IWR report 95-R-12, 1’995). 

During the monitoring of the restoration program every effort will be made to achieve cost 

savings. This may occur from a variety of sources such as contracting methods, obtaining 

volunteers to acquire some of the data and similar endeavors. Perhaps the best chance at cost 

saving will come from close coordination with the Howard Hansen Project. Every opportunity 

will be made to incorporate the relevant aspects of that sampling plan with this one. 
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Table 5-2. Monitoring Cost Summary 

ANNUAL TOTAL PRESENT 

MONITORING MONITORING VALUE MONITORING 

COST COST MONITORING YEARS 

A 1 NE Auburn Creek I$ 40,000 1 $ 80,000 1 $ 68,085.72 1 2S 
300,000 1 $ 228,962.02 1 2,5,9 6 lhnainstem Green River LWD I$ 100,000 1 $ 

C Ivolunteer Reveaetation I$ 100.000 I 

[e [ Turley Side Channel 

1 H ISundav Creek I$ 60.000 I $ 

1 N IGale Creek Culvert I$ 20.000 I $ 

40,000 1 $ 35,096.76 1 2,4 I 

Q Flaming Geyser Landslide $ 120,000 $ 

R Lones Levee Removal 90,000 $ 

S Codiga Farms 90,000 $ 
270,000 $ 226,917.77 2,4,5 
270,000 $ 226,917.77 2,4,5 

IT IHorsehead Bend I$ 70,000 1 $ 210,000 $ .184,936.75 1,3,5 

v 
270,000 $ 

Upper Springbrook Reach I$ 2o;ooo 1 $ 40,000 $ 226,917.77 27,886.74 2,4,5 5,8 

W Duwamish Site 1 Is 90,000 1 $ 270,000 $ 226,917.77 2,4,5 

I U ISchuler Brothers Reach I$ 90.000 I $ 

X Lake Meridian Outlet $ 50,000 $ 100,000 1 $ 85,107.15 1 23 
Y $ 40,000 $ 

I 
Gilliam Creek 

Z Big Spring Creek $ 70,000 $ 

AB IMay Creek Culven I$ 75,000 1 $ 
AC Rav Creek I% 75.000 I $ 

AF IFlaming Geyser Side Channel IS 50,000 1 $ 
AG IGreen River Gravel Replenishment I$ 200,000 

AL (Burns Creek 

AM IGarrison Creek 

AP Brunner Slough 

AR Black River Marsh 

AS Elliott Bav Nearshore 

$ 75,000 $ 

$ 10,000 $ 20,000 1 $ 

$ 60.000 $ 

AV ILower Springbrook Reach I$ 120,000 1 $ 
IAW I Mainstem Maintenance I$ 120,000 1 $ 360,000 1 $ 258,766.89 1 2,7,10 -~j 

$ 8,440,OOO $ 6,879,227.24 

*Cost estimate in October 2000 price level. 

Present value calculations use current 9,875% federalinterest rate. 
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5.2 Operation and Maintenance 

King County, as the local sponsor, will have the requirement to operate and maintain all of the proposed 

project specific and programmatic restoration measures. The County intends to sign inter-local 

agreements with several of the cities within the watershed for some of these other entities to be 

responsible for operation and maintenance of the projects in their jurisdictions. However, ultimately, it 

will be the responsibility of the County to ensure the projects are appropriately maintained. It is the intent 

of the design of these projects to minimize the potential maintenance requirements as much as possible. 

And, the primary goal of this ecosystem restoration plan is to recreate natural ecosystem processes that 

change and create habitats over time. It is not expected that all of the projects will remain in their 

constructed form over the life of the project. 

Expected maintenance activities include elements such as: . 

0 All vegetation plantings will require initial watering and other maintenance such as removing 

noxious weeds in order to ensure appropriate survival of the plantings. 
. Large Woody Debris projects will require some maintenance such as wood replacement in cases 

of extensive lost woody debris to ensure that project objectives are fulfilled 

. Side channels and sloughs may experience sediment deposition or erosion depending on the level 

of flows that occur. 
0 Bioengineered levees and banks will likely require periodic replacement of rock plantings or 

LWD. 
l Culverts and tide gates will need to be periodically cleaned of debris. 

l Fences required for elimination of livestock access to plated areas will require periodic survey for 

and replacement of damage 

The total estimated cost for operation and maintenance, which the local sponsor will be responsible for 

over the life of the project is $12,050,000. The present value of this cost (annual expenditures brought 

back to year 2000 values using the current Federal interest rate for water resources projects, 6.875%) is 

$3,3 15,950 which has an average annual equivalent value of $236,483 for 50 years. Details associated 

with the annual maintenance and one-time replacement costs associated with the recommended projects 

are provided in Table 5-3. 
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Table 5-3. Operation, Maintenance, and Replacement Costs 

Venetation 
Total Total Total Total O&M&R 

LWD Sediment Structural Fence Annual Replacement Annual Over 50-yr 
Project Name 

1 NE Auburn Creek 
1 Mainstem Green River LWD 

C Volunteer Revepetation 
D Sweeney Creek Culvert 
E Newaukum Creek 
F Turlev Side Channel 
G Hamakami Levee 
H Sundav Creek 

Porter Levee Setback 
Kaetch Side Channel 
North East Creek Culvert 
Green River Park 

Mgmt L 
2,ooo.oo 
5.000.00 
5,ooo.oo ( 

500.00 1 500.00 I 5 
5.( 1 

500.00 1 500.00 I 
500.00 I 

2,! 500.00 
500.00 
250.00 

Maint. Mgmt. Maint. Maint. Maint. Co& (year 25) O&M&R Project Life 

N Gale Creek Culvert 
0 Mullen Slouqh 
P Olson Creek 
Cl Flaming Geyser Landslide 
R Lones Levee Removal 

T 1 Horsehead Bend I 

W Duwamish Site 1 
X ) Lake Meridian Outlet 

I 500.00 ( 250. 
500.00 I 250.00 I IJ 

Al Wetland 5K Reach 
AJ Riverside Estates Side Channel 
AL Bums Creek 
AM Garrison Creek 

I I I I 

50-..! ~: 

I 
250.00 250.00 250.00 500.00 1.250.00 5.000.00 6,250 312.500.00 
500.00 0.00 1 2,ooo.oo 1 .ooo.oo 500.00 4,500.oo 5,ooo.oo 9,500 475,ooo.oo 
500.00 500.00 1 2,! 000.00 1 ,ooo.oo 4,ooo.oo 5,ooo.oo 9,000 450,000.00 

AN Prentice Nursetv Reach I 500.00 1 500.00 1 .ooo.oo 2,ooo.oo 2,000 100,000.00 
A0 Mill Creek East 1 5,OOO.OO ( 2,500.OO 5,ooo.oo 1 ,ooo.oo 13,500.00 13,500 675,OOO.OO 
AP En 00.00 500.00 1,250.OO 1,250 62.500.00 

'00.00 500.00 1.500.00 1,500 75,000.00, AR Black River Marsh 
AS Elliott Bay Nearshore 
AT Medino Reach 
AV Lower Spdnpbrook Reach 

AW Mainstem Maintenance 

ALL SITES TOTALS: 

500.00 5 

500.00 500.00 1 ,ooo.oo 500.00 2.500.00 2,500 125,OOO.OO 
1300.00 1,500.00 2,500.oo 5,500.00 5,500 275,OOO.OO 

5,ooo.oo 5,ooo.oo 2,500.OO 12,500.OO 12,500 625,OOO.OO 

$ 46,000 $ 32,750 $ 109,750 $ 25,500 $ 7,000 $ 221,000 $ 20,000 $241,000 $ 12,050,OOO 

Vcdires displayed are actual vahs in October 2000price level (not converled lo present value). 
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5.3 Real Estate 

. 
The footprints of the 47 proposed ecosystem restoration projects would require approximately 1,325 acres 

of land. The Real Estate Plan (REP) (see Appendix C) specifies real estate requirements for each project. 

Following execution of the Project Cooperation Agreement (PCA), the Non Federal Sponsor (NFS) will 

generally require approximately 4 to 48 months to complete its real estate activities, and certify the lands 

available.to the Corps before advertising for project construction. Project specific ,time requirement 

estimates are provided in the REP. Following authorization.for entry, the NFS will provide the District 

Real Estate Division with all supporting lands, easements, and rights-of-way credit documentation. 

See Appendix C - Real Estate Plan for additional real estate information. The REP includes maps of the 

project area, ownership information, estates, and acreage. The REP also provides an assessment of the 

NFS’s real estate acquisition capability and the Certification of Lands and Attorney’s Certificate. 

Table 5-4 provides a summary of the real estate baseline cost estimate (in present dollars) for land value, 
NFS’s administration costs, and Federal review and assistance costs (S&A) required to implement the 

recommended plan. Discussion of construction sequencing is provided in Section 6.4 of this report and 

summarized in Table 6.1. Also see the Construction Phase Summary in the REP (Appendix C) for a 

breakdown of the currently proposed construction schedule. 
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Table 5-4 Real Estate Baseline Cost Estimate 

SITE NAME 
TOTAL 
ACRES 

NON-FEDERAL FEDERAL 

LAND VALUES 
SPONSOR’S GOV’T REVIEW TOTAL IAN D 

ADMINISTRATIVE &ASSISTANCE COSTS PER SITE 
COSTS COSTS 

5-12 



G,aen/Dmwrd’h Basin 
Ecosysfenr Restomtion 

Fensibility Report 
October 2000 

5.4 Transportation/Access 

Impacts on transportation will occur as a result of construction activities. Construction of the proposed 

projects will be phased over several years, .which will minimize the impact each year, but extend the 

period of potential effects over a longer time. Primarily, the effect will be from truck traffic either 

hauling materials off-project or bringing in materials such as LWD. Temporary access roads will be 

needed at many of the projects. During the preconstruction engineering and design phase, access 

requirements and traffic effects will be determined for each project and the effects will be minimized. 

Eight of the recommended projects located in the upper watershed will require an access road (projects 

identified in Table 5.2). 

5.5 Recreation 

The GreerJDuwamish River basin is heavily utilized for recreation, During the preconstruction 
engineering and design phase, projects should be designed to allow educational and interpretive activities, 

or other passive recreation that will not compromise the functioning of the individual projects. The nature 
and scope of the ecosystem restoration plan will implement significant habitat restoration projects 

throughout the basin, providing increased opportunities for public access and passive recreation in many 

locations where access is currently limited. Additionally, since an expected effect of this plan will be to 
increase fish and wildlife populations, opportunities for fishing will likely be increased. 

During construction, there could be temporary restrictions on recreation, particularly on the projects that 

are in existing parks or other recreation areas. The only potential long-term negative effect on recreation 

exists with the placement of LWD in the river. Recreational boaters have expressed a concern about 

boater safety relative to LWD, primarily with “floaters” that are not actively controlling their descent 

down the river and may not have experience with varying conditions. During the preconstruction 

engineering and design phase, each project that will have LWD in the river will be reviewed to ensure the 

wood is placed in such a way to reduce the potential danger to boaters. Signage along the river may be 

necessary to warn boaters of upcoming projects with wood. The design and location of the LWD projects 

will be coordinated with the Boater Safety Council 

5.6 Aesthetics 

In general, this ecosystem restoration plan will restore the Green/Duwamish River and its riparian zone 

and floodplain to a more natural condition. This will include revegetating many areas along the river and 

removing or minimizing human built structures such as levees. This will tend to reduce broad views of 
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the river in some locations where there is currently no riparian vegetation, but should create a more 

aesthetically pleasing riparian zone with a mix of native trees and shrubs.’ During construction, there will 

be temporary effects on aesthetics with ground clearing, excavation work and other such activities. All 

construction work will be done in a manner to minimize removal of existing native vegetation, 

particularly trees to avoid effects on aesthetic and biological resources. All of the specific project 

locations will be revegetated as quickly as possible after construction work is complete. 

5.7 Cultural and Historic Resources 

The Corps will prepare a Programmatic Agreement (PA) with the Washington State Office of 

Archaeology and Historic Preservation for this ecosystem restoration plan, that will guide the design and 

construction activities to ensure the Corps will be in compliance with Section 106 of the National Historic 

Preservation Act (NHPA). Prior to final design and construction, each project will be field checked by a 

qualified archaeologist to determine if any cultural or historic resources are on the project or will be 

affected. The ecosystem restoration plan is designed to recreate ecosystem level functions and processes 

that will lead to changes in the river channel location and morphology. This will ,be restoring a natural 

process that existed prior to the turn of the century, but may affect more recent historic projects or 

structures. The PA will address issues of how to minimize and mitigate for potential effects on cultural 

and historic resources. We believe that the cost of cultural resource inventory/mitigation will remain 

below the 1% level. If the initial field check and investigation finds a significant cultural resource at the 

proposed restoration project then the plan for restoration would be modified to minimize or eliminate the 

impact on cultural resources or if necessary the proposed restoration project would be moved to avoid the 

impact. 

5.8 Cumulative Effects of the Proposed Plan 

In general, this ecosystem restoration plan is designed to have beneficial cumulative effects on the greater 

Green/Duwamish River ecosystem for fish and wildlife, and to reverse some of the habitat degradation 

that has occurred in the past. Adverse cumulative effects, which have occurred in the basin, which this 

plan seeks to remedy, include: 

l Trapping of sediment by Howard Hanson Dam 

l Loss/lack of LWD recruitment to the River 

l Loss/lack of estuarine habitat 
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l Loss of channel diversity in the lower River from levees and other structures 

l Disconnection between the River and its floodplain 

l Loss/lack of side channel habitat 

This plan is also designed to positively interact with other programs or plans for habitat restoration in the 

basin, including the King County Regional Needs Assessment, the Mill Creek Special Area Management 

Plan (SAMP), and the Water Resource Inventory Area (WRIA 9) Planning Process for Chinook Salmon 

Recovery. In fact, this ecosystem restoration plan is a major component of the WRIA 9 Recovery Plan. 

The construction process will be phased over several years to avoid significant cumulative temporary 

construction impacts and appropriate best management practices will be employed to minimize temporary 

impacts, particularly to water quality. 

Indirect impacts could occur in localized situations, particularly as the river is allowed to naturally form 

and change aquatic habitats. In certain situations, an existing side channel or slough may become 

disconnected from the river or be taken over as the main channel of the river. This process is considered 

to be beneficial since naturally formed habitats are more robust and effective over time than human 

created habitats, but may be viewed initially by some to be a loss of habitat. Additionally, while the 

ecosystem restoration plan will provide beneficial effects for native fish and wildlife species, it may come 

at the expense of habitat which currently is utilized by non-native or generalist fish and wildlife species 

(i.e. anadromous salmon species may increase in population while cutthroat trout which do well in human 

modified streams may decline to a lower population level). The removal or setback of levees may make 

certain properties less attractive for development. During the preconstruction engineering and design 

phase, it will be important to consider potential indirect and cumulative effects of each project-specific or 

programmatic meausure. 

5.9 Project Performance 

The expected project life is 50 years. In reality, it is expected that many of the projects will be viable 

over an indefinite time period, particularly the revegetated riparian zone and floodplain areas. The 

primary goal of the ecosystem restoration plan is to restore ecosystem functions and processes, which will 

indefinitely create and reform natural riverine and stream habitats. This will likely mean that some 

channels constructed under this plan will be naturally reformed or disconnected unless artificially 

maintained by the local sponsor(s) or protected by levees. We consider this loss to be acceptable, since 

the created channels are in many cases designed to be a temporary measure until the ecosystem processes 

have time to create their own habitats. The projects will be monitored for up to ten years following 

construction to determine the level of functioning for the projects and if maintenance may be required. 
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The primary area of the basin where maintenance is likely to be required is in the lower River and estuary 

where extensive development is adjacent to the River and flood control must be maintained. The addition 

of gravel to the river system or more frequent meandering of the river may cause some increased 

deposition of sediment in the navigation channel, which may require an incremental increase in 

maintenance of the channel. 
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5.10 Coordination With Other Regional Restoration Initiatives 

King County is a leading player in all of the other regional restoration initiatives occurring in the Puget 

Sound region including the Regional Needs Assessment (for flood control, water quality and habitat 

restoration), the WRIA 9 Planning Process, and the Tri-County ESA Response. The Corps has also been 

involved in, all of these restoration initiatives. The WRG used to guide this restoration plan includes 

many of the major players in the regional restoration initiatives as well. The local sponsor(s) intend to 

include this ecosystem restoration plan as a major component of the WRIA 9 Recovery Plan which will 

address land use plans and regulations, facilities maintenance activities, water supply and instream flows, 

water quality, and habitat restoration and preservation. 

The Howard Hanson Dam Additional Water Storage Project will be a major future Corps’ project in the 

Green/Duwamish River basin. This study has been fully coordinated with that project and is designed to 

function with or without implementation of that project. The ecosystem benefits that could be realized 

with changes in the flow regime at the dam will be implemented as part of the Additional Water Storage 

Project. 
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6. PLAN IMPLEMENTATION 

This chapter summarizes cost-sharing requirements and procedures necessary to implement the 

environmental restoration features of the seIected plan. 

6.1 Selected Plan 

The selected plan is Plan 46 (see Table 4-8), which includes the implementation of 45 project-specific and 

programmatic restoration measures throughout the Green/Duwamish River basin. This plan will provide 

significant ecosystem benefits by addressing all limiting factors in the basin and providing a high level of 

spatial connectivity for migratory species (including federally listed threatened and endangered 

anadromous fish species) and ecosystem integrity. The selected plan is described in Chapter 5. 

6.2 Division of Responsibilities for Implementing the Selected Plan 

The WRDA of 1986 (PL 99-662) and various administrative policies have established the basis for the 

division of Federal and non-federal responsibilities in the construction, operation and maintenance of 

Federal water resources projects accomplished under the authority of the Corps. This is discussed in 

detail below. Sections 6.3 and 6.4 specify federal and non federal responsibilities during the 

preconstruction engineering and design phase (PED) and construction phase. 

6.2.7 Federal Responsibilities 

The Federal government is responsible for conducting and completing the PED (detailed plans and 

specifications), advertising and administering the construction contracts after authorization and receipt of 

federal and non-federal funds, and managing the construction phase. The Federal Government is 

responsible for supervisory and administrative support for the non-federal sponsor’s LERRD activities. 

The Federal Government is responsible for project monitoring during the construction phase. The Federal 

Government will provide 65% of the cost sharing for these phases. 

6.2.2 Non-Federal Responsibilities 

The non-federal sponsor is responsible for acquiring all real estate interests required to implement the 

project-specific and programmatic restoration meausers. The non-federal sponsor is not required to 

provide this real estate until after the PCA is executed. The non-federal sponsor will provide 35% of the 
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cost sharing for the preconstruction engineering and design phase, construction, construction 

management, federal supervisory and administrative costs, and project monitoring. The non-federal 

sponsor will receive credit for in-kind work completed after the PCA is executed for all expenses to 

acquire sufficient real estate interest in the project locations. The non-federal sponsor is responsible for 

obtaining all non-federal permits and authorizations for the construction work. The non-federal sponsor 

is responsible for all future operation and maintenance of the project-specific and programmatic 

restoration measures as deemed appropriate and necessary by the Corps and the County. 

6.3 Preconstruction Engineering and Design Phase 

This phase of project development encompasses all planning and engineering necessary for project 

construction, and may commence after release of the Division Engineer’s Public Notice on a favorable 

preauthorization study. These studies are required to review the earlier study data, obtain current data, 

evaluate any changed conditions, establish the most suitable plan for accomplishment of the improvement 

and establish the basic design of the project features in final detail. Preconstruction planning and 

engineering studies for projects authorized for construction will be programmed as “continuing” 

activities. 

The results of preconstruction planning and engineering studies are presented in reports identified as 

“design memorandums.” Preparation of design memorandums, and plans and specifications will be cost 

shared in accordance with the cost sharing required for project construction. Under Corps policy, the non- 

Federal sponsor should provide 25% of the cost of PED during this phase. Adjustments, if necessary, 

shall be made after initiation of the construction phase. Current engineering guidance respecting 
document preparation and approvals should be consulted. (ER 1110-2-l 150) 9-2. 

The non-Federal sponsor has requested that Congress give them the authority for’in kind credit during the 

PED and construction phase of this project. 

Negotiation of a Preconstruction Engineering and Design (PED) Agreement may begin after Division 

approval of the feasibility report and issuance on the Division Engineers public notice. After receiving 

Division approval of the project and an allocation of funds for the PED phase, the Seattle District will 

commence work in PED. If the non-federal sponsor has received congressional authority to perform in 

kind work during PED, the PED Agreement must be clear on the scope of the local sponsor’s in-kind 

effort, up to a limit of 35%. 
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6.4 Construction Phase 

6.47 Project Cooperation Agreement 

Prior to the initiation of construction, the non-Federal sponsor and the government will enter into a 

binding agreement in the form of a Project Cooperation Agreement (PCA) as required by Section 22 1 of 

the Flood Control Act of 1970 (Public Law 91-61 l), as amended, and by Section 101(e) {Harbors} and 

Section 103(j) {Flood Control and Other Projects} of the Water Resources Development Act (WRDA) of 

1986 (Public Law 99-662), as amended. The non-Federal sponsor has requested that congress provide 

authorization for it to receive in-kind credit for work performed during the construction phase. If the 

local sponsor receives congressional authority, and wants credit for in kind effort during construction, it 

must be specified in the PCA Agreement with the understanding that the sponsor’s in kind contribution 

will only be credited toward their cash contribution and not their LERRD requirement. 

If desired, separate PCA’s may be developed for separate projects or groups of projects included in the 

recommended plan, Each PCA must describe, among other things, all of the requirements and 

responsibilities relating to construction of each project including items of local cooperation required from 

the non-Federal sponsor. Local cooperation includes that the sponsor’s cost share apportionment for the 

recommended NER plan. 

In addition, a non-Federal sponsor must also provide all lands, easements, rights-of-way, and suitable 

borrow and dredged or excavated material disposal areas required for the project (collectively referred to 

as LERRD requirements; see Section 101(a) and (e), Section 103(a) and (j) of P.L. 99-662). The value of 

the required LERRD provided by the non-Federal sponsor will be credited against the non-Federal ’ 

sponsor’s percentage share of the costs of construction. The portion of the non-Federal sponsor’s required 

share of costs that remains after LERRD credit is afforded must be paid to the Government in cash, or if 

authorized by congress, in in kind credit. If construction of the project will be completed within one fiscal 

year, the in kind credit (if authorized) or lump sum cash payment must be available prior to solicitation of 

the first construction contract. If construction of the project will not be completed within one fiscal year, 

the non-Federal sponsor must provide in kind credit (if authorized) and/or cash payments each fiscal year 

in proportion to the Government’s estimated financial obligations for construction in each fiscal year. (ER 

1165-2-131; Chapter 12, ER 405-l-12). 

The PCA for a’project will be negotiated between representatives of the district and the non-Federal 

sponsor. Once the project is authorized for construction, the budget/appropriations process drives the 
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PCA process. Current policy dictates that PCAs will not be executed until: (1) the project document has 

been approved by HQUSACE; (2) the project is budgeted as a new construction start or construction 

funds are added by Congress, apportioned by OMB, and their allocation approved by ASA( (3) 

documentation of compliance with the National Environmental Policy Act (NEPA) and other associated 

environmental laws and statutes in the PCA checklist has been furnished; and (4) the draft PCA has been 

reviewed and approved by ASA( 

All Civil Works projects are managed, planned, and executed under the Life Cycle Project Management 

System (LCPM) (ER 5-l-l 1). Consistent with ER S-l-l 1, the forecast final cost estimate to be entered 

into PCAs for all specifically authorized new starts is based on the most current cost estimate prepared in 

accordance with the Micro-Computer Aided Cost Estimating System (M-CACES) in the Code of 

Accounts format. 

Under the terms of the PCA, when the Government determines that the entire project, or functional 

portion thereof, is complete, the Government will provide written notice to the non-Federal sponsor of 

such determination and furnish an Operations, Maintenance, Repair, Replacement, and Rehabilitation 

(OMRR&R) Manual to the non-Federal sponsor. The non-Federal sponsor is then responsible for the 

OMRR&R of the project, ‘or functional portion. After completion and notice to the non-Federal sponsor, 

authority is considered to expire for expenditure of Federal funds for construction of additional 

improvements on the project or for maintenance thereof. 

6.4.2 Project Construction 

Construction is intended to occur over a period of ten years (2002 -2012). A total of 45 project-specific 

and programmatic restoration measures wili be constructed. The non-federal sponsor must provide all of 

their cost-sharing funds and real estate and documentation of in kind (if authorized by Congress) at the 

beginning of construction (prior to award of construction contracts) unless they specifically request a 

change to the PCA to allow provision of funds in a phased manner similar to the construction schedule. 

For construction sequencing, it would make most biological sense to construct projects that will provide 

habitat which is currently most limited, first, such as the estuarine projects. Then, move on to projects 

which will affect the entire basin, such as improving migratory corridors that are used by fish and wildlife 

in all parts of the basin (culvert replacements in the lower watershed, levee setbacks, bioengineering of 

levees and riparian revegetation); and then finally, constructing projects which will provide more 

localized benefits or are not as limited in the basin (such as culvert replacement in the upper watershed). 

In reality, a combination of biological criteria and real estate feasibility has been used to develop the 

following construction sequence. Projects on land which is already owned by King County or its other 
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partners (such as Cities of Auburn, Kent and Tukwila) will be constructed first, followed by projects 

which only require easements, followed by projects which will require the acquisition of real estate in fee. 

Within each type of ownership situation, the projects which will provide the most limited or critical 

habitat will be constructed first, followed by projects which will provide ecosystem benefits, followed by 

projects which will primarily have localized benefits. The proposed construction sequencing schedule is 

presented in Table 6.1. See the Real Estate Plan (Appendix C) for further details on construction 

sequencing. Phase 1 is for construction staring in years 2002-5, Phase 2 for 2006-8, and Phase 3 for 

2009-20 10. All construction is scheduled for completion by the end of 20 12. 

Table 6-l. Construction Sequencing 

l- 

Phase Project Name Begin 

Construction 

I Codiga Farms 2002 

I Flaming Geyser Land Slide 2002 
I I 

I IGilliam Creek 2002 

I Middle Green Gravel Replacement 2002 

Projects Sl, S2, Cl & C2 
I Duwarnish 2004 

Project 1 
I BUiot Bay Nearshore 2004 

ainstem Maintenance - Russell Road 

ects BA319 20 & MAJ6. 

I Mainstem Maintenance Russell Road Lower 2005 

Setback & Restoration 
I Middle Green LWD Projects 2005 

BAJ33-36 
MJll-MJ13 

End Construction 

2004 

2009 

2006 

2012 

2008 

2006 

2006 

2006 

2006 

2006 

2006 

2006 

2012 

2010 

2007 

2007 

I 
I ullen Slough Reach 2005 2008 
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J 6, BAJ7 & BAJB; BAJ9; BAJ12, 

J23, BAJ24 MJB, MJ9; 

J31, BAJ32, & MJIO 
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6.5 Monitoring 

Monitoring will be conducted for up to a ten year period following completion of construction, although 

monitoring is scheduled to occur in no more than three years per project within that ten year period. 

Because the construction phase will take place over several years, the monitoring will be phased to follow 

construction. The monitoring costs are included as part of the construction costs and will be cost shared. 

If Authorized the non-federal sponsor wishes to include monitoring work as part of their in-kind services 

to receive credit against the total cost-sharing burden. During the PED phase, a detailed monitoring plan 

will be developed and responsibilities will be shared between the Corps and the non-federal sponsor. If 

the non-federal sponsor wishes to conduct monitoring beyond the designated time period for each project, 

they may do so at their own expense. See Section 5.1 for further discussion of project monitoring. Table 
5.1 includes the scheduled years for monitoring for each project. The county requests that cost shared 

monitoring be conducted up to 5 years after construction of the final projects and that the county will take 

over any monitoring after that period. The has been the standard practice on other restoration projects 
that Seattle District has.constructed with the county as local sponsor. 
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6.6 Operation and Maintenance 

‘The non-federal sponsor(s) is responsible for all future operation and maintenance activities and costs 

unless a Corps design error or negligence during construction causes a problem. An Operation and 

Maintenance Manual will be developed during construction and provided to the County for 

implementation. Because the science of ecosystem restoration is relatively new, unanticipated issues 

could arise after ~construction. One reason for constructing these projects over a lo-year period, is to be 

able to adaptively manage these restoration projects, Typically, there is not an easy mechanism for the 

Corps to come back and revise a project once construction is complete, even though the ecosystem 

restoration guidance clearly emphasizes adaptive management. If unforeseen problems arise on some of 

the first constructed projects, it will allow time for revision of the final projects, as well as some 

rectification of problems at the earlier projects. The Corps and the County will work together to 

adaptively manage this ecosystem restoration plan. At the completion of construction the Corps will turn 

the project over to the county and after that point the O&M will be the county’s responsibility. The 

estimated total cost of O&M is $12,050,000. See Section 5.2 for further discussion of operation and 

maintenance. 

6.7 Cost Allocation 

Cost allocation is the practice of allocating the separable costs of a project to the project purpose that they 

serve. For this project, all costs have been allocated to the purpose of National Ecosystem Restoration 

(NER) . 

6.8 Cost Apportionment 

Cost sharing for construction of this project will be in keeping with current Corps of Engineers policy 

whereby for environmental restoration projects, the non-federal share will be 35 percent of the project 

implementation costs (PED, construction, construction management, federal supervision and 

administration, and monitoring). The non-federal sponsor will provide 100 percent of the necessary 

lands, easements, rights-of-way, relocations and disposal areas (LERRDs), and conduct all future 

operation, maintenance, repair, rehabilitation and replacement (OMRR&R) activities. If the LERRD 

value exceeds the 35 percent share required from the non-federal sponsor, the sponsor will be reimbursed 

for the value of the LERRD that exceeds the 35 percent share. If this situation is estimated prior to 

executing the PCA, no additional credit will be given to the sponsor for in-kind services. 
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Table 6-2 provides a summary of the estimated cost apportionment between the federal and non-federal 

interests for the recommended plan. The table shows the total implementation cost of the recommended 

project as $115,X79,400, of which $75,321,610 is federal cost and $40,557,790 is non-federal cost. The 

non-federal cost includes the sponsor’s LERRD value of $37,110,375. Adding the non-federal noel 

OMRR&R cost of $12,050,000 brings the total project life-cycle cost to $127,929,400. 

Table 6-2. Green-Duwamish Basin Cost Apportionment 

COST APPORTIONMENT 
Federal Non-Federal Total 

ECOSYSTEM RESTORATION* $ 75,321,610 $ 40,557,790 $ 115,879,400 

LERRD”” $ 37,110,375 $ 37,110,375 
CASH CONTRIBUTION $ 75,321,610 $ 3,447,415 $ 78,769,025 

*October 2000 price level (rounded) - Ecosystem Restomtion is project cost less OMRR&R. 

*?’ LERRLI is total land cost less Federal Goveument super-vision and administration 

6.9 Completed, Current and Future Work Eligible for Credit 

The non-federal sponsor has completed a significant amount of in-kind highly technical services during 

the feasibility phase which they were given credit for in the Feasibility Cost-Sharing Agreement (FCSA). 

The non-federal sponsor has requested authority from congress to perform additional in-kind services for 

credit during the PED and construction phase. Future in-king services may be limited due to the fact that 

the sponsor’s LERRD value may exceed their 35% cost share obligation (see Table 6.2). If authorized by 

Congress the non-Federal sponsor will be allowed to receive in-kind credit during these phases, as long as 

the combination of their in kind work and there LERRD value does not exceed 35% of the overall 

construction cost. 

6.10 Institutional Requirements 

The items that the local sponsor will need to require are as follows: 
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Provide 35 percent of the separable project costs allocated to environmental restoration as further 

specified below: 

l Enter into an agreement that provides, prior to execution of a project cooperation agreement 
for the project, 25 percent of design costs and/or in kind (if authorized); 

l Provide, during construction, any additional funds needed to cover the non-federal share of 
design costs and/or in kind (if authorized); 

l Provide all lands, easements, and rights-of-way, including suitable borrow and dredged or 

excavated material disposal areas, and perform or assure the performance of all relocations 

determined by the Government to be necessary for the construction, operation, and 

maintenance of the project; 

l Provide or pay to the Government the cost of providing all retaining dikes, wasteweirs, 

bulkheads, and embankments, including all monitoring features and stilling basins, that may 

be required at any dredged or excavated material disposal areas required for the construction, 

operation, and maintenance of the project; and 

l Provide, during construction, any additional costs and/or in kind (if authorized) as necessary 

to make its total contribution equal to 35 percent of the separable project costs allocated to 

environmental restoration. 

For so long as the project remains authorized, operate, maintain, repair, replace, and rehabilitate 

the completed project, or functional portion of the project, at no cost to the Government, in 

accordance with applicable Federal and State laws and any specific directions prescribed by the 

Government. 

Give the Government a right to enter, at reasonable’times and in a reasonable manner, upon land 

which the local sponsor owns or controls for access to the project for the purpose of inspection, 

and, if necessary, for the purpose of completing, operating, maintaining, repairing, replacing, or 

rehabilitating the project. 

Assume responsibility for operating, maintaining, replacing, repairing, and rehabilitating 

(OMRR&R) the project or completed functional portions of the project, including mitigation 

features without cost to the Government, in a manner compatible with the project authorized 
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purpose and in accordance with applicable Federal and State laws and specific directions 

prescribed by the Government in the OMRR&R manual and any subsequent amendments 

thereto. 

Comply with Section 221 of Public Law 91-611, Flood Control Act of 1970, as amended, and 

Section 103 of the Water Resources Development Act of 1986, Public Law 99-662, as amended, 

which provides that the Secretary of the Army shall not cormnence the construction of any water 

resources project or separable element thereof, until the non-Federal sponsor has entered into a 

written agreement to furnish its required cooperation for the project or separable element. 

Hold and save the Government free from all damages arising from the construction, operation, 

maintenance, repair, replacement, and rehabilitation of the project and any project-related better- 

ments, except for damages due to the fault or negligence of the Government or the Government’s 

contractors. 

Keep and maintain books, records, documents, and other evidence pertaining to costs and 

expenses incurred pursuant to the project to the extent and in such detail as will properly reflect 

total project costs. 

Perform, or cause to be performed, any investigations for hazardous substances that are 

determined necessary to identify the existence and extent of any hazardous substances regulated 

under the Comprehensive Environmental Response, Compensation, and Liability Act 

(CERCLA), 42 USC 9601-9675, that may exist in, on, or under lands, easements or 

rights-of-way necessary for the construction, operation, and maintenance of the project; except 

that the non-Federal sponsor shall not perform such investigations on lands, easements, or 

rights-of-way that the Government determines to be subject to the navigation servitude without 

prior specific written direction by the Government. 

Assume complete financial responsibility for all necessary cleanup and response costs of any 

CERCLA regulated materials located in, on, or under lands, easements, or rights-of-way that the 

Government determines necessary for the construction, operation, or maintenance of the project. 

To the maximum extent practicable, operate, maintain, repair, replace, and rehabilitate the 

project in a manner that will not cause liability to arise under CERCLA. 
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Prevent obstructions of or encroachments on the project (including prescribing and enforcing 

regulations to prevent such obstructions or encroachments) which might reduce the ecosystem 

restoration, hinder its operation and maintenance, or interfere with its proper function, such as 

any new development on project lands or the addition of facilities which would degrade the 

benefits of the project. 

Comply with the applicable provisions of the Uniform Relocation Assistance and Real Property 

Acquisition Policies Act of 1970, Public law 91-646, as amended by title IV of the Surface 

Transportation and Uniform Relocation Assistance Act of 1987 (Public Law lOO-17), and the 

Uniform Regulations contained in 49 CFR part 24, in acquiring lands, easements, and 

rights-of-way, and performing relocations for construction, operation, and maintenance of the 

project, and inform all affected persons of applicable benefits, policies, and procedures in 

connection with said act. 

Comply with all applicable Federal and State laws and regulations, including Section 601 of the 

Civil Rights Act of 1964, Public Law 88-352, and Department of Defense Directive 5500.11 

issued pursuant thereto, as well as Army Regulation 600-7, entitled “Nondiscrimination on the 

Basis of Handicap in Programs and Activities Assisted or Conducted by the Department of the 

AIXly” . 

Provide 35 percent of that portion of total cultural resource preservation mitigation and data 

recovery costs attributable to environmental restoration that are in excess of one percent of the 

total amount authorized to be appropriated for environmental restoration. 

Not use Federal finds to meet the non-Federal sponsor’s share of total project costs unless the 

Federal g-ranting agency verifies in writing that the expenditure of such funds is authorized. 

6.11 Environmental Requirements 

There are many federal, state, tribal and local laws, regulations and treaties that may be applicable to 

certain features of this ecosystem restoration plan. Developed along with this Feasibility Report is a 

Programmatic Environmental Impact Statement and Restoration Plan (EIWRP) and attached to this report 

is a Fish and Wildlife Coordination Act Report that programmatically satisfy NEPA requirements when a 

Record of Decision (ROD) is signed. Environmental Assessments (EA) will be tiered from the EIS and 

prepared during the PED phase for specific projects or groups of projects. Seattle District personnel have 
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discussed the different process and sequencing for this study relative to Section 7 consultation with the 

U.S. Fish and Wildlife Service (FWS) and National Marine Fisheries Service (NMFS) (Services). Both 

agencies expressed support for the restoration effort. Both agencies also expressed concern over how the 

Corps would be able to assure future compliance with ESA on this project given the fact that most 

projects won’t be constructed for several years, and designs could change in the interim. These concerns 

were verbally expressed by FWS to Seattle District personnel upon their receipt of the programmatic 

biological assessment (PBA). At that time, Seattle District’s ESA Coordinator, discussed with the FWS 

representative a potential solution to this dilemma that would allay his concerns with ESA compliance. 

This is simply to hold annual meetings to address projects scheduled to be constructed in the following 

year, and assure their consistency with the PBA. Seattle Districts ESA Coordinator reviprojectd these 

issues with representatives of the FWS and of the NMFS. Both expressed support for the project and are 

comfortable with ESA compliance provided we regularly consult on future projects prior to their 

construction. The formal process for doing this still needs to be defined, and Seattle District will be 

working with the Services in the near future to develop the process. Seattle District has been involved in 

numerous restoration projects and has had very little problem in successfully working with the FWS and 

the NMFS on implementation of these projects. 

Some of the projects being investigated will require the completion of a 404(b)(l) analysis under the 

Clean Water Act prior to construction. In all cases where a 404(b)(l) is needed, it will be fully developed 

on a project-specific basis prior to construction. The applicability of Nationwide Permit No. 27 for 

satisfying requirements of Section 404(b)(l) for the majority of the projects being investigated was 

coordinated with the Office of Counsel and Regulatory Branch and they could see no reason why the 

Nationwide permit could not be used. There are a few projects that are of large enough scale or 

associated impacts with the restoration activities may make the use of this Nationwide somewhat tenuous. 

Those projects that do not seem suitable for the Nationwide permit are: Meridian Valley Creek, Lake 

Meridian Outlet Relocation, Middle Green River Large Woody Debris Placement, Middle Green River 

Gravel Replacement, Flaming Geyser Landslide, Upper Green River Side Channel Enhancement and 

Upper Green River Gravel Replacement. It appears at the present time, a total of seven projects or 

programmatic measures do not meet the criteria for the Nationwide permit. Prior to any of these projects 

going to construction, if they do not qualify for a Nationwide permit, a project specific 404(b)(l) analysis 

will be completed as well as other pertinent regulatory requirements. At this point in time, the remaining 

projects seem to qualify for Nationwide permit #27. The Corps is in coordination with the State 

Department of Ecology to obtain Section 401 state water quality certification. Certification is usually 

done during PED (about 90% design level) when necessary information is developed. The Corps has 

requested a letter of support from the Department of Ecology. Table 6-3 below shows that status and 

responsibility for compliance with the applicable laws, regulations and treaties. 
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Table 6-3. Status of Compliance with Environmental Laws/Regulations/Treaties 
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6.12 Sponsorship Agreements 

The non-federal sponsor (King County) has provided a letter of intent acknowledging sponsorship 

requirements of the GreenDuwamish Ecosystem Restoration Project. Prior to the award of construction 

contracts, the sponsor will be required to execute the Project Cooperation Agreement and provide 

required funds. King County may enter into inter-local agreements with various cities in the watershed 

for those entities to become sub-sponsors on project-specific projects. However, King County will retain 

the ultimate responsibility as the non-federal sponsor for all future OMRR&R. 

6.13 Sponsor’s Financial Plan and’capability Assessment 

King County is one of 39 counties in the State of Washington. The County was created in 1853. The 

County is a government entity with powers of eminent domain and the ability to levy property and sales 

taxes within the County. The Washington State Auditor annually conducts financial and legal compliance 

audits, King County operates under a Home Rule Charter adopted by a vote of the citizens of King 

County in 1967, amended through the charter review process effective 1969. Independently elected 

administrative officials include the County Executive, the Prosecuting Attorney, the Sheriff, the Auditor, 

the Clerk, the Treasurer, and the Assessor who are elected at-large. A nine-member council, electedby 

district, constitutes the legislative body. Elected officials serve four-year terms, council member elections 

are staggered. For 2000, approximately 24% of the County’s total revenues are expected to come from 

taxes, For the County’s General Fund, about 58% of its revenues will come from taxes; one-third of the 

revenues will come from property tax. A letter from the County discussion their financial capability for 

this recommended plan is included at the rear of this chapter. 

The 1999 tax revenues of the County totaled $8 18,000,OOO. The financial position of the County is such 

that bonds issued in 1998 and 1999 received Aal ratings from Moody’s investment Services and AA+ 

ratings from Standard and Poor’s Corporation on both revenue and general obligation bonds. These 

ratings are considered excellent among Counties. Based on 1999 assessed values the county could 

provide significantly more than the local financial requirements for this project in any given year by a 

vote of the County Council, without a public vote. Table 6-4 shows funding requirements by fiscal year to 

implement the recommended National Ecosystem Restoration Plan. 
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Table 6-4. Implementation Cost Sharing through Construction Phase 

IMPLEMENTATION COSTS 

All costs me in October 2000 price level. 

In accordance with ER 1005-2-100, paragraph 6-184.b, a preliminary financing plan and statement of 

financial capability has been prepared by the local sponsor. The District has reviewed the plan and assess 

the sponsor’s understanding of the budgetary issues related to financing the proposed project. The 

District has verified that the local sponsor has the capability to fund their portion of implementation 

responsibilities. Table 6-4 provides schedule for implementation cost apportionment between the Federal 

Government and non-Federal sponsor. The statement of financial capability is included at the end of this 

chapter. 
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King County 
Sp,onsor% Statement of Financial Capability 

Duwamish/Green National Ecosystem Restoration Project 

As local sponsor far the DuwamisWGreen Ecosystem Restoration Project, King County is 
financially capable of providing the necessary local share for project implementation utilizing a 
variety uf mtxiing sources and partnership arrangements. Any commitment to move forward 
with implementation of this project is contingent upon County budgetay decisions and upon 
successful negotiation of individual project-related construction agreements between the County 
and the United States Army Corps of Engineers (Corps) prior to project design and construction. 

King County’s assessment of its fmancial capability is based on the US, Army Corps of 
Engineers’ estimated project cost of %149,648,000, and the estiinated local share of 
approximately $52,377,000 or 35 percent of the total project cost. The Corps tier estimates 
that approximately $3,015,000 of this local share will be provided in cash, with the remainder 
provided as land rights, easements, utility relocation and en,&necring se&ces, The Corps has 
based these estimated project shares on its most recent fully funded cost estimate, assuming a 
project implementation period of ten years, 

It is anticipated that engineering and construction ‘agreements will be prepared and agreed to 
between King County and the Corps of Engineers in such a way as to be most beneficial to King 
County within the legal authority of&e Corps of Engineers, King County also intends to work 
cooperatively with co-sponsors such as Seattle, Tacoma, and the suburban cities in the 
watershed--including Tukwila, Ken$ Auburn, and Renton--as well as the Mnckleshoot Indian 
Tribe in the funding and implementation of this project. King County understands that any 
maintenance reqnired after the construction period will be the responsibility of the local sponsor 
and/or their co-sponsors, 

It is King County’s desire to implement these projects in the most cost-effective way, To that 
end, King County will seek salmon recovery and other grants to assist in providing the local 
match to the project as well as funcling from the co-sponsors mentioned above. Other 
constraints, such as limitations on land acquisition, may also limit the County’s ability to 
in$esnent some projects, depending on willingness of landowners and availability ofproperty 
acquisition funding. 

Sources of Funds 

King County’s funding for implementation of this project is likely to come &om a variety of 
existing sources, and will be subject to budgetary approval by the King County Council. These 
potential funding sources includs the King County Surface Water Management Fee, King 
Conservation District assessment, Conservation Futures fund, and other tiding sources as 
appropriate. King County will also seek grants from the Washington State Salmon Recovery 
Funding Board and other sources to provide the local share for these projects, as well as funding 
and in-kind services support from Seattle, Tacoma, and the suburban cities in the watershed-- 
includin,a Tukwila, Rent, Auburn, and Renton--as well as tie Muckleshoot Indian Tribe and 
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other potential partners, The County also remains committed to wolelcing with these ?egiond , 
partners to evaluate the potential for creating a new revenue so~ce dedicated to regional habmt 
tillding which could be used for property acquisition for Ecosystem Restoration Progarn 
projects ador local share for design and constmction activities. 

qLfYJw,* 
NalLy R&b , Manager 
IC&~ Co~u~ty Water and Land Resources Division 
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7. SUMMARY OF COORDINATION, PUBLIC VIEWS, AND COMMENTS 

7.1 Non-Federal Sponsor Views and Preferences 

The non-federal sponsor, King County, has provided a strong partnership with the Corps over the past 

four years. The County contributed fifty percent of the feasibility study costs. In-kind products such as 

real estate and project design were complex tasks, which were performed professionally. The sponsor has 

indicated their willingness to continue their support during the implementation phase of this project. Two 

projects that were spun out of this study for early implementation under Section 1135 have been 

completed with sponsor support (Puget Creek and Porter Levee Side Channel). 

Issues that the non-federal sponsor would like to have addressed further by the Corps prior to signing a 

Project Cooperation Agreement include: 

l The County would like to perform work in-kind during the PED and construction phases and has 

requested the authority to do so from Congress. 

l The County would like the Corps to provide for adaptive management during the lo-year 

construction period to ensure the restoration measures work effectively. 

l The County desires to be able to enter into separate PCAs for suites of projects in other jurisdictions. 

7.2 Study Management and Outreach 

The project managers from the Corps and King County developed an Executive Committee early in the 

study to help direct and make major decisions dealing with the feasibility phase of the project. The 

project managers were also active members of the WRIA 9 steering committee, which provided extensive 

opportunities for agency and public involvement in the restoration planning process. As discussed earlier, 

a Watershed Restoration Group (WRG) composed of agency bioIogists and other technical disciplines 

were formed to guide the planning process and screen individual restoration projects. 

A series of landowner workshops and field trips were conducted throughout the basin with general 

support being given by the landowners whose land would be effected by the proposed project. 
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Additional public involvement has been gained during the EIS process. A Notice of Intent to prepare an 

EIS was published in the Federal Register on December 23, 1998. A scoping meeting was held on 

January 16, 1999 and 31 people attended. One June 30,200O a Notice of Availability (NOA) for the Draft 

Programmatic EIS was published in Volume 65, Number 127 of the Federal Register. This initiated the 

forty five-day review and comment period for the Draft PEIS. The Draft document was distributed to 

over 225 citizens, State and Federal agencies, Native American Tribes and libraries. The Draft PEIS was 

also available through King County’s web project (l~ttu://dllr.metrokc.Rov/wrias/9/GDRPdeis.l’ltm~. In 

addition, a public meeting to solicit input on the document was held on July 27,200O 

Thirteen comment letters were received during the 45day comment period to accompany the single 

comment obtained during the public meeting. Most comments were favorable and supported the 

preferred alternative. 

The public was involved as well during the implementation of the Porter Levee Side Channel 1135 

Project. A volunteer planting event was organized following the completion of construction at the project 

in October 1999. A great deal of positive feedback has been received from interested parties regarding 

the Porter Levee project. 

7.3 Study and Review Teams 

The study team was a multi-disciplinary group that consisted of several functional elements within the 

Corps and at the County, and included study and project managers, planners, civil engineers, hydrologists 

and hydraulic engineers, environmental specialists, biologists, cost estimators, real estate specialists, 

economists, materials and geotechnical specialists. Table 7-l below lists the members of the study and 

review teams. 

Table 7-l. Study and Review Team Members 

Study Team Review Team 

Name Grade Discipline Name Grade Discipline 

N. Gilbrough GS-12 Project Manager H. Gibbons Tetra Tech Environmental 
Enginner 

P. Cagney GS-12 Environmental M. Martz Tetra Tech Biologist 
Codrdinator 

M. Kaiser GS-12 Geotechnical M. Callasane Tetra Tech Geotechnical 
J. Lencioni GS-13 Hydraulic Engineer H. Fehlman Tetra Tech Hydraulic Engineer 

Pat Naher GS-11 Civil Design K. Price Tetra Tech Civil Design/Cost 

J. Mendenhall GS-12 Economics M. Gorecki _ Tetra Tech Economics 

S. Pierce GS-12 Cost Estimator A.E. Hamilton GS-12 ” Real Estate 

W. Gentry GS-12 Real Estate 
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C. Loper King Co. County Project 

Manager 

B. King HDR Civil Design 

Sue Perkins N/A. Geomorphologist 

Faith Roland King Co. County Real Estate 

Wendy Kara King Co. County Civil 

Design 

7-3 



Green/Dmwnfslr Bnsin 
Ecosystew Restoroliorl 

Fensibiliry Repou 
October 2000 

7.4 Review Milestones and Independent Technical Review 

Review of all products is being conducted by members of the study and technical review teams, King 

County staff, and by Corps’ contractors including Jones & Stokes, HDR Engineering, and Tetra Tech, Inc. 

During the course of the Feasibility phase study, there has been on-going, independent technical review of 

the major report products as they have become available. These include: 

0 Project Designs 

l Incremental Cost Analysis 

. Hydrology and Hydraulics 

l Environmental Analysis 

l Real Estate Plan 

The independent reviews have been completed, responded to, and backchecked prior to release of this 

report for public and agency review. The review has been documented in a review documentation report 

and a certification of technical and legal review, which are on file with the Corps of Engineers project 

manager. 
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8. CONCLUSION AND RECOMMENDATION 

8.1 Conclusion 

Sixty-seven site-specific and programmatic restoration measures were identified for study by the interagency 

Watershed Restoration Group which was formed to guide restoration planning for this study. The 

recommended National Ecosystem Restoration (NER) Plan would implement a total of 45 sites and 

programmatic restoration measures . This plan was selected based upon evaluation of the economic costs and 

environmental benefits of each alternative. Chapter 5 of this report Mly describes the combination of measures 

that make up the recommended plan. The plan addresses the major limiting factors for Federally listed 

endangered anadromous fish in the basin. Based on the incremental cost and cost effectiveness analyses 

performed, the NER Plan will provide significant benefits in a cost effective manner, restoring critical habitats, 

spatial connectivity, and fish passage throughout the basin. 

8.2 Recommendation 

I recommend that the plan described herein for environmental restoration purposes be authorized for 

implementation as a Federal project. The implementation cost of the project is currently estimated at 

$115,879,400. The Federal share is currently estimated at $7.5,321,610 and the non-federal share is 

$40,557,790 ($3,447,415 cash requirement and $37,110,375 LERRD value). (These costs are in October 2000 

price level). 

The recommendations contained herein reflect the information available at this time and current Departmental 

policies governing formulation of individual projects. They do not reflect program and budgeting priorities 

inherent in the formulation of a national Civil Works construction program nor the perspective of higher 

review levels within the Executive Branch. Consequently, the recommendations may be modified before they 

are transmitted to the Congress as proposals for authorization and implementation fimding. However, prior to 

transmittal to the Congress, the sponsor, the States, interested Federal agencies, and other parties will be 

advised of any modifications and will be 

U.S. Army Corps of Engineers 
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Table l-l. Resource Problems 

Resource Problems Issues Addressed in this Study 

Lack of habitat in the Lower Green/Duwamish X 

estuary 

Changes in sediment loads and transport 

Changes in flows 

x 

Loss of channel complexity and in-channel X 

structure 

Water quality degradation X 

Barriers to fish passage 

Floodplain disconnection 

X 

X 

Habitat fragmentation 

Degradation of wetlands and rare species 

X 

X 

habitats 

Changes in forest structure and composition X 

1.3 Study Area 

The Green River originates in the Cascade Range south of Stampede Pass at an elevation of about 4500 

feet (ft) and flows northwest 90.5 miles to Elliott Bay in Puget Sound. The highest elevation in the basin 

is at 5750 f?t on Blowout Mountain. The Green River becomes the Duwamish River at RM 11 where the 

historic Black River joins the Green River. The entire watershed is within King County, Washington. 

This study addresses the entire watershed from the headwaters to Elliott Bay. Since a major goal of this 

study is to restore ecosystem level functions and processes to the basin, effort has been made to ensure the 

entire watershed is evaluated. 

1.4 Study Area Characteristics 

7.4,7 Climate 

The climate in the basin is a mid-latitude, west coast marine type characterized by cool wet winters and 

mild summers. The average rainfall in the basin ranges from 39 to approximately 100 inches annually. 

The urbanized lower elevation part of the basin receives the lower precipitation increasing up to the 

higher precipitation (rain and snow) near Stampede Pass. Approximately 75% of the precipitation falls 

between the months of October and April. The Cascades and the foothill portion of the basin are 

frequently subject to warm tropical rainstorms during the winter that cause rain-on-snow events. The 
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and under cover of LWD) where they do not need to expend tremendous amounts of energy to remain in 

place, The populations of anadromous fish have declined considerably over the last 50 years; see Table 

3-l below for a comparison of escapement numbers from the 1930s to the 1990s. 

Species 

Chinook 
Chum 
Coho 

Table 3-I Comparative Escapements to the Green River 

1938 to 1942 1987 to 1991 

55,197 10,300 
12,750 3,000* 

36,741 12,500 

Pink 1,000 0 

Steelhead 4,400 1,600** 
Note: Recent hatchery refmns have been Ial~er, which is not reflected in this data, however, wildfish are still decliaiag. 

* This valae iaclrldesfish passed above the Keta Creek hatcttety and olher r!atrrrally spawaingjish in the rnainslern. 

** This valtre isfor winter steel/tend aad is the simple average of returm in those years. 

3.7.4.3 Wildlife 

The upper basin is primarily forested and managed for timber production, with many areas adjacent to the 

reservoir closed to public access. This provides good habitat for many large mammals such as elk, 

mountain goat, black-tailed deer, mule deer, black bear, and cougar. The number of clearcuts and other 

open areas favors herbivore populations. The large number of herbivores has resulted in a significant 

cougar population, possibly one of the highest densities in the U.S. Black bears are also common. Other 

mammals include beaver, mink, muskrat, weasels, raccoon, snowshoe hare, pika, and various voles and 

mice. Cascade frogs and red-legged frogs also occur in the upper basin. A number of waterfowl use the 

reservoir, including loons, which may nest near the reservoir. A variety of raptors and passerine birds 

also use the upper basin. 

The middle and lower GreenDuwamish basin is increasingly urbanized in the downstream direction. 

However, the lakes, riparian zone and tributary streams provide habitat for small mammals such as foxes, 

skunks, weasels, squirrels and coyotes. Floodplain and wetland habitats support red-legged and Pacific 

tree frogs, salamanders, and toads. Waterfowl, including wood ducks can be found in many areas. The 

estuary is utilized by a number of waterfowl and shorebirds in spite of the loss-of most of the habitat. 
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The ecosystem restoration goals of this study are to: 1) improve existing ecosystem functions and 

processes; 2) enhance the physical nature of existing degraded habitat; 3) address limiting factors to fish 

and wildlife production, and 4) restore degraded habitats for anadromous fish. 

Specific elements of habitat degradation and limiting factors to fish and wildlife production have been 

evaluated by King County (Fuerstenberg, et al., 1996) and the U.S. Forest Service (1996) and can be 

classified as ten major resource problems within the basin (see Table 4-1). This study addresses nine of 

these resource problems as indicated in the Table. 

Table 4-1 Resource Problems in the Green-Duwamish Basin 

Resource Problems Issues Addressed in this Study 

1 Lack of habitat in the Lower GreenOuwamish I X 
estuary 
Changes in sediment loads and transport x 
Changes in flows 
Loss of channel complexity and in-channel structure 
Water quality degradation 
Barriers to fish passage 
Floodplain disconnection 
Habitat fragmentation 
Degradation of wetlands and rare species habitats 
Changes in forest structure and composition 

X 
X 
X 
X 
X 
X 
X 

4.3 Significance of Environmental Resources and Degradation 

The environmental resources that have been degraded are aquatic and terrestrial habitats of the 

Green/Duwamish River basin. These habitats formerly supported nine species of anadromous salmon; 

chinook, coho, chum, pink and sockeye salmon, rainbow/steelhead and cutthroat trout; and potentially 

bull trout and Dolly Varden. Pink and sockeye salmon may stray into the GreenlDuwamish basin, but the 

system is currently unable to sustain runs. Two other species have been listed as threatened under the 

ESA, chinook salmon and bull trout, and coho salmon and sea-run cutthroat are candidate species for 

listing. The degradation that has occurred has eliminated 98% of the estuarine habitat that formerly 

existed, which is used by anadromous salmon species to acclimate between freshwater and saltwater. 

Chinook salmon, which use estuaries extensively, have been particularly affected as a result, although all 

species have reduced growth and survival as a result of no available habitat for rearing in the estuary. The 

channelization of the middle and lower Green River has eliminated rearing and spawning habitat for 

salmon species, as well. The migration corridor is now lethal to fish during the summer as a result of 

high temperatures and low dissolved oxygen and no holding or rearing pools are present in these reaches 
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Table 4-2. Environmental Quality Evaluation Criteria 

I How effective is the project at addressing one or more of the following limiting factors? 1 
IBarriers to Fish Passage - Culverts, dams, and hatcheries have isolated stream 1 

reaches 

2. Reduction in Channel Forming Flows - Managing high flows cannot regenerate river 

habitat, resulting in loss of side channels and floodplain connections. 

3. Loss of Channel Diversity in Lower River- Levee and infrastructure have eliminated 

habitat 

4. Loss of Estuarine Habitat - Dredginplfilling for navigation and development has 

dramatically reduced the size of the estuary 

5. Loss of Floodplain Habitat - Development and changes in flows have reduced the 

connections between the river and tributaries and their floodplains 

6. Reduction in Large Woody Debris - Log jams historically provided important pool 

habitat and cover, but are now uncommon 

7. Loss of Sediment Sources - Gravel trapped behind HHD and the construction of 

levees in the floodplain reduce spawning habitat and leads to channel downcutting 

8. Increase in Water Temperature - Summer temperatures are stressfkl to fish 

Project Size - How large is the project? 

Effect - How far-reaching is the project’s effect? 

Technical - Does a reasonable technique exist and is it widely accepted? 

Political - Is the proposal socially and politically acceptable and likely to be wide 

supported? 

Limiting Factors: 

Scale: 

Feasibility: 

Wildlife: Habitat - Does the project benefit wildlife? 

Each proposed restoration alternative was scored by the expert panel (representatives of the WRG) in 

each of the above criteria. For the criterion of limiting factors, those factors (of the eight identified) 

applicable to each project were identified and a score ranging from zero to five was selected for each 

alternative project. A score of zero corresponds to “addresses no identified limiting factors” and a score 

of 5 corresponds to “addresses all identified limiting factors”. For all other criteria, a score ranging from 

one to three was provided. Because the criteria of Limiting Factors and Scale Effect were determined to 

be the most important, they were weighted more heavily (doubled) than the other criteria in deriving the 

project quality score for each alternative. 

The resultant Environmental Quality Scores for all alternatives were then normalized to an index value 

between 0 and 1 and multiplied by the habitat area benefited by the project to derive “eco-units” for use in 

cost effectiveness and incremental cost analyses and comparison of alternative project outputs. These 

eco-units account for the quality and quantity of habitats supporting ecosystem function and salmon, 

recovery. This approach is similar in structure to the common habitat suitability index models (such as 
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Table 4-3. Projects Evaluated in Feasibility Study 

Site Name Location Site Type 

. . . 
AQ Olsen Creek Culvert Upper Tributary Culvert Modification 

R Black River Marsh Estuary Estuary Marsh Habitat 

AS Elliott Bay Nearshore h Estuary Estuary Habitat 

AT Merlin0 Reach Tributary Tributary Restoration 

AU Maywood Creek Culvert Upper Tributa’ry Culvert Modification 

AV Lower Springbrook Reach Tributary Tributary Restoration 

AW Mainstem Maintenance Lower Green Levee/Bank Bioengineering 
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Table 4-4. Cost Breakdown for Alternatives 

,411 costs esfhafes are in Ocfober 2000 cost level. 

Present valrres forfktare O&M and Motritoritrg expenditures are calculated using currentfederal interest rate of 6.875% 
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Output estimates are measured in eco-units (described in Section 4.6), which provide quality- and 

quantity-based estimates of environmental benefits. Table 4-5 summarizes the cost and output estimates 

for restoration at each of the 47 projects (affected acres of habitat are also listed). 

Table 4-5. Cost and Output of Restoration at Each Project 

Affected Env. Quality Outputs (Eco. 

Site Name Location Site Type TOTAL COST Acreage Index Unitsj 

A NE Auburn Creek Tributary Culvert Modification $ 1,016,5711 107.d 0.611 

i B Mainstem Green River LWD Middle Green Programmatic LWD 5 2,465,7361 13 

C Volunteer Revegetation Watershed-wide Volunteer Revegetation $ 3, 
^^ . “^ 

D Sweeney Creek Culvert Upper Tributan/ Culvert ModiScation 

E Tributary 

F Turley Side Channel 

G Hamakami Levee 
H Sunday Creek 

Middle Green Side Channel M 
Middle Green Wetla 
Upper Tributary Tribul 

:hannel IMiddle Green ISide Channel Modification 

ributaty (Culvert Modification IS 380,670 1 5.71 0.621 4.711 

on Creek ITributary ITributary Restoration I$ 203,657 1 

others Reach 
T Horsehead Bend 
U Schuler Bn 
V Upper Sprinpbrook Reach 
W Duwamish Site 1 

Estuary Marsh Habitat $ 1,743.657 la.01 o.as] 15.4 
ILower Green [Side Channel Modification $ 1,046.043 14.11 0.751 10.5 

ITributary ITributary Restoration $ 4.035193 c 

ITributary 
IEstuary 

ITributan/ Restoration 
I Estuary Marsh Habitat 

a0.7 0.66 59.90 

I$ 319,012l 2.9 0.64 f .a5 
IS 2.120.9281 22.0 0.79 17.29 

X 
7 Gilliam Creek 

2 Big Spring Cree rutary (Wetland Habitat IS 1,550,76lI 14.91 0.891 

ZA Upper Green River Side Channels IUpper Green ISide Channel Modification I 5 I ,295.8121 12.4 o.sal 

ILake Meridian Outlet Tributary [Tributary Restoration I$ 1.182.5381 9.91 0.821 a.15 
Lower Green (Culvert Modification I$ 919.5961 6.7) 0.711 4.76 

tk Trit 

ZB 
zc 
75 
ZE 
-z - 

ZG 

May Creek Culvert 

Ray Creek 
Riverton Creek 
Meridian Valley Creek 
Flaming Geyser Side Channel 
Green River GraveA Replenishment 

ZH Goedeke North Reach ITributar 

ZI Wetland 5K Reach (Tributary ITributaty Restoration IS 2,806,9621 41.9’ 0.75 31.43 
‘ZJ Ri\ rerstde Estates Side Channel IMiddle Green ISide Channel Modification I $ 766,330 1 11.4 0.75 a.55 
ZK Gold Creek Culvert IUpper Tributary ICulvert Modification IS 264,002l 0.9 0.79 0.72 

24.3 0.54 13.00 - 
19.8 0.75 14.84 

5.0 
65.2 
55.2 

140.4 
1903.9 

0.68 

0.75 
0.64 
0.86 

3.39 
48.92 

35.45 
120.2 

1,454.32 1903.9 1,454.32 

All costs estitaates are itr October 2000 cost level. 

Present vahces forfirtare O&M and Motritoring cotnpoaeats of total cost were cahlated asitrg carretttfederal interest rate of 6.875% 
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Table 4-6. Ecosystem Restoration Alternatives (sorted by output) 

OUTPUT 
Site Tvoe TOTAL COST (Eco-Units) Location _. 

ITributary (Tributary Restoration IS 8,618,8691 

1 Lower Green ILeveelBank Bioengineering ( $ l1,090,969l 120.2 

IMiddle Green (Programmatic LWD I$ 2,485,736/ 111.7 

Site Name 

E 1 Newaukum Creek 
ZW IMainstem Maintenance 

1 B IMainstem Green River LWD 
C IVolunteer Revegetation 

0 IMullen Slough 

IWatershed-wide IVolunteer Revegetation I$ 3,267,8341 

ILower Green ISide Channel Modificati 

107.14j 

A E H 
ZG Replenishment 

U Schuler Brothers Reach 

ZO Mill Creek East 
Q Flaming Geyser Landslide 

ZT Merlin0 Reach 
R Lones Levee Removal 

ZH Goedeke North Reach 

Tributary Tributary Restoration $ 4,035,193 59.90 

Tributary Tributary Restoration $ 88294,544 52.99 

Middle Green Flaming Geyser Landslide $ 4,700,494 51.43 

Tributary Tributary Restoration $ 7,803,727 48.92 

Middle Green Levee Removal $ 3,762,215 39.43 

Tributary Tributary Restoration $2 8,002,916 36.68 

ZV Lower Springbrook Reach 
ZI Wetland 5K Reach 
J Porter Levee Setback 

ZF Flaming Geyser Side Channel 

ZC Ray Creek 
W Duwamish Site 1 
ZN Prentice Nursery Reach 

Tributary 
Tributary 
Middle Green 
Middle Green 
Middle Green 
Estuary 
Lower Green 

G IHamakami Levee 
S ICodiga Farms 

1 Middle Green 
1 Estuary 

ZMxrison Creek 
Z IBig Spring Creek 

ITributary 
ITributary 

F ITurley Side Channel IMiddle Green ISide Channel Modification 1 $ 399,212 1 13.q 

ZL Burns Creek Tributary Tributary Restoration $ 1,260,609 13.001 

T Horsehead Bend Lower Green Side Channel Modification $ 1,046,043 10.55 

ZJ Riverside Estates Side Channel Middle Green Side Channel Modification $ 766,330 8.55 

ZA Upper Green River Side Channels Upper Green Side Channel Modification $ 1,295.812 8.49 
l!i I X (Lake Meridian’Outlet 

[ K 1 Kaetch Side Channel 
P IOlson Creek 

1 ZD IRiverton Creek 

ITributary ITributary Restoration I$ 1,182,5381 8. 

D Sweeney Creek Culvert 
ZB May Creek Culvert 

Y Gilliam Creek 
N Gale Creek Culvert r . 

1 M IGreen River Park 
ZR IBlack River Marsh 
L 1 North East Creek Culvert 

ZS Elliott Bay Nearshore 
ZE Meridian Valley Creek 

V Upper Springbrook Reach 
ZK Gold Creek Culvert 

IMiddle Green I Side Channel Modification I $ 434,4521 

ITributary ITributary Restoration IS 203,6571 

I ITributary Restoration I$ 947,729 1 
5.3q 

Estuary 5.36 

I$ 478,141 1 4.99 

ication I$ 919,5961 4.76 
1 

Upper Tributary Culvert Modification I$ 243,7841 5.341 

Upper Tributary Culvert Modification 
Lower Green Culvert Modif 
Upper Tributary Culvert Modification I$ 380,870l 4.711 

ILower Green ISide Channel Modification 1 $ 706,627l 4.13 

1 Estuary IEstuary Marsh Habitat 1 $ 221,8401 3.99~ 

IUpper Tributary ICulvert Modif ication IS 326,635j 3.71, 

Estuary 
Tributary 
Tributary 
Uooer Tributarv 

1 ZQ IOlsen Creek Culvert IUpper Tributary 

Estuary Habitat 
Tributary Restoration 

Tributary Restoratiqn 

IS 565,960 1 3.391 

IS 580,741( 2.79 

Is 319,012l 1.85 

Culvert Modification 
Culvert Modification 

I$ 264,002j 

I$ 238,292 1 

All cost estirnntes we in October 2000pn’ce level. 

Present valrres for frrture O&M and Monitoring cotnponents of totaal cost were calculated usbtg carrent federal iaterest rate of 6.875%. 
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Table 4-7. Ecosystem Restoration Alternatives (Sorted by Inc. Cost) 
All cost estimates are in October 2000price level. 

Preserrt values forjiaare O&Wand Moaitoriag components of total cost were calculated asiag crrrrentfederal interest rate of 6.875%. 

C IVolunteer Revegetation (Watershed-wide IVolunteer Revegetation 

ITributary [Tributary Restoration IS 8,616,669 1 192.00 1 $ 44,890 

m]mrLevee Setback IMiddle Green ILevee Setback I$ 1,552,439 1 30.461 $ 50,971 1 

U ISchuler Brothers Reach 

N Gale Creek Culvert 

L North East Creek Culvert 

ZI Wetland 5K Reach 

ZJ Riverside Estates Side Channel 

Q Flaming Geyser Landslide 

NV Mainstem Maintenance 

ITributary (Tributary Restoration I$ 4,035,193 1 

per Tributary ICulvert Modification Is 360,670 1 4.711 $ 80,919 UPI 
Upper Tributary Culvert Modification $ 326,635 

Tributary Tributary Restoration $ 2600,962 

Middle Green Side Channel Modification $ 766,330 

Middle Green Flaming Geyser Landslide $ 4,700,494 

Lower Green Levee/Bank Bioengineertng $ 11,090,969 

s Levee Removal 

ALL SITES TOTALS: B 118,973,794 1,454.32 
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W (Duwamish Site 1 IDuwamish Estuary 
-. 

IEstuary Marsh Habitat I$ 2,120.926 1 
- 

ZS Elliott Bay Nearshore 
ZD Riverton Creek 

ZW Mainstem Maintenance 

T Horsehead Bend 
M Green River Park 

A NE Auburn Creek 
0 Mullen Slough 
P Olson Creek 

ZN Prentice Nursery Reach 
U Scht 
ZI Wetland 5K Reach 

-7.‘ ,-.___I^^^ Pr,.-lr 

Jler Brothers Reach 

Table 4-9. Selected Restoration Projects (sorted by location) 

Site Name LoCation Site Type 

OUTPUT Inc. Cost per 
TOTAL COST (Eco-Units) Unit 

ITributary Restoration I$ 203,6571 5.361 $ 36,016] 
ISide Channel Modification 1 $ 647,937 1 16.96 $ 38,194 

59.90 $ 67,365 
ITributary Restoration I$ 2,800,962 1 31.43 $ 69,132 
TAk,,l..n, Dactnrltinn IP 1 741 IA1 I IARA C 117 9R7 

ITributary Restoration IS 4,035,193 1 ILower Green Tributary 

ILower Green Tributary 
1Lower Green Tributary 

ILower Green Tributary 
t mI.lnr c.aon Td.#,+.,n, 

, Ll”, ,“““‘““I, tdti=n ,LY”“W “IWTII I ““YL.ay , I ,,YY,o,y I\II1L”I”.I”II I 

II 

1,171,1-1, s...,, I .,,,--, 

on 8,294,544 1 

butary ITributary Restoration Is 7,803.7271 

Setback IMiddle Green Mainstem ILevee Setback 

VRI Nmrishment 

ISide Channel Modification I $ 434.4521 7.191 $ 60,448 1 

1s Side Channel IMiddle Green Mainstem ISide Channel Modification ( $ 766,3301 

e Channel Modification I 5 1,575,974 1 13.231 $ 119,i661 

L 

ZL IBurns Creek IMiddle Green Tributary 
. . . ^ - . . 

_,_._, ,.- _.._..... -... 

Tributary Restoration 

Tributary Restoration 
‘.’ rtland Habitat 

8,618,869 192 001 $ 44890 

$ 1,260,609 
$ 1.550,761 

1 

#unday Creek (Upper Green Tributary 
ICulvert Modification 
ITributary Restoration 

I5 243,784) 5.341 5 45,652 1 

I$ 3,283,7131 

*Costs we im October 2OOOprice level. 

Selected Projects in Duwamish Estzraw Zone: As noted in the report, 98% of estuarine habitat has been 

lost in the basin. This habitat is vital to the survival of salmon, providing the transitional zone where the 

fish adjust for the change from freshwater to saltwater, The ,selected plan includes four estuary 

restoration projects and one estuarine tributary habitat restoration project. Based on the significance of 

this habitat for survival of salmonids in the system, the environmental benefit provided by all 5 estuary 

restoration projects were determined to be worth their incremental cost. 
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Table 5-l Selected Projects Summary 

Prolect cost 

Affected 

Output (Eco- Are.9 

ALL SITES TOTALS: 0 127,929,375 $ 117,571,500 1,453.23 1.902.5 

All costs nre presented in OctoOer 2000 price levels 

* Actunl v&e in Oclober 2000price level’(inclucles PED. LERRDs, S&A, Construction Mgmt., Construction, Monitoring, and O&M. 

**Future expenditures m-e discounted to~~enr 2000 level using FYOOfederd inleresl rate of 6.875% for writer resources studies. 

5-2 



Gree~dDtrwnn~ish Bnsin 
Ecosystenl Restordort 

Fensibiliry Report 
October 2000 

Table 5-2. Monitoring Cost Summary 

ANNUAL TOTAL PRESENT 

MONITORING MONITORING VALUE MONITORING 

COST COST MONITORING YEARS 

A 1 NE Auburn Creek I$ 40,000 1 $ 80,000 1 $ 68,085.72 1 2S 
300,000 1 $ 228,962.02 1 2,5,9 6 lhnainstem Green River LWD I$ 100,000 1 $ 

C Ivolunteer Reveaetation I$ 100.000 I 

[e [ Turley Side Channel 

1 H ISundav Creek I$ 60.000 I $ 

1 N IGale Creek Culvert I$ 20.000 I $ 

40,000 1 $ 35,096.76 1 2,4 I 

Q Flaming Geyser Landslide $ 120,000 $ 

R Lones Levee Removal 90,000 $ 

S Codiga Farms 90,000 $ 
270,000 $ 226,917.77 2,4,5 
270,000 $ 226,917.77 2,4,5 

IT IHorsehead Bend I$ 70,000 1 $ 210,000 $ .184,936.75 1,3,5 

v 
270,000 $ 

Upper Springbrook Reach I$ 2o;ooo 1 $ 40,000 $ 226,917.77 27,886.74 2,4,5 5,8 

W Duwamish Site 1 Is 90,000 1 $ 270,000 $ 226,917.77 2,4,5 

I U ISchuler Brothers Reach I$ 90.000 I $ 

X Lake Meridian Outlet $ 50,000 $ 100,000 1 $ 85,107.15 1 23 
Y $ 40,000 $ 

I 
Gilliam Creek 

Z Big Spring Creek $ 70,000 $ 

AB IMay Creek Culven I$ 75,000 1 $ 
AC Rav Creek I% 75.000 I $ 

AF IFlaming Geyser Side Channel IS 50,000 1 $ 
AG IGreen River Gravel Replenishment I$ 200,000 

AL (Burns Creek 

AM IGarrison Creek 

AP Brunner Slough 

AR Black River Marsh 

AS Elliott Bav Nearshore 

$ 75,000 $ 

$ 10,000 $ 20,000 1 $ 

$ 60.000 $ 

AV ILower Springbrook Reach I$ 120,000 1 $ 
IAW I Mainstem Maintenance I$ 120,000 1 $ 360,000 1 $ 258,766.89 1 2,7,10 -~j 

$ 8,440,OOO $ 6,879,227.24 

*Cost estimate in October 2000 price level. 

Present value calculations use current 9,875% federalinterest rate. 
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Table 5-3. Operation, Maintenance, and Replacement Costs 

Venetation 
Total Total Total Total O&M&R 

LWD Sediment Structural Fence Annual Replacement Annual Over 50-yr 
Project Name 

1 NE Auburn Creek 
1 Mainstem Green River LWD 

C Volunteer Revepetation 
D Sweeney Creek Culvert 
E Newaukum Creek 
F Turlev Side Channel 
G Hamakami Levee 
H Sundav Creek 

Porter Levee Setback 
Kaetch Side Channel 
North East Creek Culvert 
Green River Park 

Mgmt L 
2,ooo.oo 
5.000.00 
5,ooo.oo ( 

500.00 1 500.00 I 5 
5.( 1 

500.00 1 500.00 I 
500.00 I 

2,! 500.00 
500.00 
250.00 

Maint. Mgmt. Maint. Maint. Maint. Co& (year 25) O&M&R Project Life 

N Gale Creek Culvert 
0 Mullen Slouqh 
P Olson Creek 
Cl Flaming Geyser Landslide 
R Lones Levee Removal 

T 1 Horsehead Bend I 

W Duwamish Site 1 
X ) Lake Meridian Outlet 

I 500.00 ( 250. 
500.00 I 250.00 I IJ 

Al Wetland 5K Reach 
AJ Riverside Estates Side Channel 
AL Bums Creek 
AM Garrison Creek 

I I I I 

50-..! ~: 

I 
250.00 250.00 250.00 500.00 1.250.00 5.000.00 6,250 312.500.00 
500.00 0.00 1 2,ooo.oo 1 .ooo.oo 500.00 4,500.oo 5,ooo.oo 9,500 475,ooo.oo 
500.00 500.00 1 2,! 000.00 1 ,ooo.oo 4,ooo.oo 5,ooo.oo 9,000 450,000.00 

AN Prentice Nursetv Reach I 500.00 1 500.00 1 .ooo.oo 2,ooo.oo 2,000 100,000.00 
A0 Mill Creek East 1 5,OOO.OO ( 2,500.OO 5,ooo.oo 1 ,ooo.oo 13,500.00 13,500 675,OOO.OO 
AP En 00.00 500.00 1,250.OO 1,250 62.500.00 

'00.00 500.00 1.500.00 1,500 75,000.00, AR Black River Marsh 
AS Elliott Bay Nearshore 
AT Medino Reach 
AV Lower Spdnpbrook Reach 

AW Mainstem Maintenance 

ALL SITES TOTALS: 

500.00 5 

500.00 500.00 1 ,ooo.oo 500.00 2.500.00 2,500 125,OOO.OO 
1300.00 1,500.00 2,500.oo 5,500.00 5,500 275,OOO.OO 

5,ooo.oo 5,ooo.oo 2,500.OO 12,500.OO 12,500 625,OOO.OO 

$ 46,000 $ 32,750 $ 109,750 $ 25,500 $ 7,000 $ 221,000 $ 20,000 $241,000 $ 12,050,OOO 

Vcdires displayed are actual vahs in October 2000price level (not converled lo present value). 
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Table 5-4 Real Estate Baseline Cost Estimate 

SITE NAME 
TOTAL 
ACRES 

NON-FEDERAL FEDERAL 

LAND VALUES 
SPONSOR’S GOV’T REVIEW TOTAL IAN D 

ADMINISTRATIVE &ASSISTANCE COSTS PER SITE 
COSTS COSTS 
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partners (such as Cities of Auburn, Kent and Tukwila) will be constructed first, followed by projects 

which only require easements, followed by projects which will require the acquisition of real estate in fee. 

Within each type of ownership situation, the projects which will provide the most limited or critical 

habitat will be constructed first, followed by projects which will provide ecosystem benefits, followed by 

projects which will primarily have localized benefits. The proposed construction sequencing schedule is 

presented in Table 6.1. See the Real Estate Plan (Appendix C) for further details on construction 

sequencing. Phase 1 is for construction staring in years 2002-5, Phase 2 for 2006-8, and Phase 3 for 

2009-20 10. All construction is scheduled for completion by the end of 20 12. 

Table 6-l. Construction Sequencing 

l- 

Phase Project Name Begin 

Construction 

I Codiga Farms 2002 

I Flaming Geyser Land Slide 2002 
I I 

I IGilliam Creek 2002 

I Middle Green Gravel Replacement 2002 

Projects Sl, S2, Cl & C2 
I Duwarnish 2004 

Project 1 
I BUiot Bay Nearshore 2004 

ainstem Maintenance - Russell Road 

ects BA319 20 & MAJ6. 

I Mainstem Maintenance Russell Road Lower 2005 

Setback & Restoration 
I Middle Green LWD Projects 2005 

BAJ33-36 
MJll-MJ13 

End Construction 

2004 

2009 

2006 

2012 

2008 

2006 

2006 

2006 

2006 

2006 

2006 

2006 

2012 

2010 

2007 

2007 

I 
I ullen Slough Reach 2005 2008 
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6.5 Monitoring 

Monitoring will be conducted for up to a ten year period following completion of construction, although 

monitoring is scheduled to occur in no more than three years per project within that ten year period. 

Because the construction phase will take place over several years, the monitoring will be phased to follow 

construction. The monitoring costs are included as part of the construction costs and will be cost shared. 

If Authorized the non-federal sponsor wishes to include monitoring work as part of their in-kind services 

to receive credit against the total cost-sharing burden. During the PED phase, a detailed monitoring plan 

will be developed and responsibilities will be shared between the Corps and the non-federal sponsor. If 

the non-federal sponsor wishes to conduct monitoring beyond the designated time period for each project, 

they may do so at their own expense. See Section 5.1 for further discussion of project monitoring. Table 
5.1 includes the scheduled years for monitoring for each project. The county requests that cost shared 

monitoring be conducted up to 5 years after construction of the final projects and that the county will take 

over any monitoring after that period. The has been the standard practice on other restoration projects 
that Seattle District has.constructed with the county as local sponsor. 
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Table 6-2 provides a summary of the estimated cost apportionment between the federal and non-federal 

interests for the recommended plan. The table shows the total implementation cost of the recommended 

project as $115,X79,400, of which $75,321,610 is federal cost and $40,557,790 is non-federal cost. The 

non-federal cost includes the sponsor’s LERRD value of $37,110,375. Adding the non-federal noel 

OMRR&R cost of $12,050,000 brings the total project life-cycle cost to $127,929,400. 

Table 6-2. Green-Duwamish Basin Cost Apportionment 

COST APPORTIONMENT 
Federal Non-Federal Total 

ECOSYSTEM RESTORATION* $ 75,321,610 $ 40,557,790 $ 115,879,400 

LERRD”” $ 37,110,375 $ 37,110,375 
CASH CONTRIBUTION $ 75,321,610 $ 3,447,415 $ 78,769,025 

*October 2000 price level (rounded) - Ecosystem Restomtion is project cost less OMRR&R. 

*?’ LERRLI is total land cost less Federal Goveument super-vision and administration 

6.9 Completed, Current and Future Work Eligible for Credit 

The non-federal sponsor has completed a significant amount of in-kind highly technical services during 

the feasibility phase which they were given credit for in the Feasibility Cost-Sharing Agreement (FCSA). 

The non-federal sponsor has requested authority from congress to perform additional in-kind services for 

credit during the PED and construction phase. Future in-king services may be limited due to the fact that 

the sponsor’s LERRD value may exceed their 35% cost share obligation (see Table 6.2). If authorized by 

Congress the non-Federal sponsor will be allowed to receive in-kind credit during these phases, as long as 

the combination of their in kind work and there LERRD value does not exceed 35% of the overall 

construction cost. 

6.10 Institutional Requirements 

The items that the local sponsor will need to require are as follows: 
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Table 6-3. Status of Compliance with Environmental Laws/Regulations/Treaties 
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Table 6-4. Implementation Cost Sharing through Construction Phase 

IMPLEMENTATION COSTS 

All costs me in October 2000 price level. 

In accordance with ER 1005-2-100, paragraph 6-184.b, a preliminary financing plan and statement of 

financial capability has been prepared by the local sponsor. The District has reviewed the plan and assess 

the sponsor’s understanding of the budgetary issues related to financing the proposed project. The 

District has verified that the local sponsor has the capability to fund their portion of implementation 

responsibilities. Table 6-4 provides schedule for implementation cost apportionment between the Federal 

Government and non-Federal sponsor. The statement of financial capability is included at the end of this 

chapter. 
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Additional public involvement has been gained during the EIS process. A Notice of Intent to prepare an 

EIS was published in the Federal Register on December 23, 1998. A scoping meeting was held on 

January 16, 1999 and 31 people attended. One June 30,200O a Notice of Availability (NOA) for the Draft 

Programmatic EIS was published in Volume 65, Number 127 of the Federal Register. This initiated the 

forty five-day review and comment period for the Draft PEIS. The Draft document was distributed to 

over 225 citizens, State and Federal agencies, Native American Tribes and libraries. The Draft PEIS was 

also available through King County’s web project (l~ttu://dllr.metrokc.Rov/wrias/9/GDRPdeis.l’ltm~. In 

addition, a public meeting to solicit input on the document was held on July 27,200O 

Thirteen comment letters were received during the 45day comment period to accompany the single 

comment obtained during the public meeting. Most comments were favorable and supported the 

preferred alternative. 

The public was involved as well during the implementation of the Porter Levee Side Channel 1135 

Project. A volunteer planting event was organized following the completion of construction at the project 

in October 1999. A great deal of positive feedback has been received from interested parties regarding 

the Porter Levee project. 

7.3 Study and Review Teams 

The study team was a multi-disciplinary group that consisted of several functional elements within the 

Corps and at the County, and included study and project managers, planners, civil engineers, hydrologists 

and hydraulic engineers, environmental specialists, biologists, cost estimators, real estate specialists, 

economists, materials and geotechnical specialists. Table 7-l below lists the members of the study and 

review teams. 

Table 7-l. Study and Review Team Members 

Study Team Review Team 

Name Grade Discipline Name Grade Discipline 

N. Gilbrough GS-12 Project Manager H. Gibbons Tetra Tech Environmental 
Enginner 

P. Cagney GS-12 Environmental M. Martz Tetra Tech Biologist 
Codrdinator 

M. Kaiser GS-12 Geotechnical M. Callasane Tetra Tech Geotechnical 
J. Lencioni GS-13 Hydraulic Engineer H. Fehlman Tetra Tech Hydraulic Engineer 

Pat Naher GS-11 Civil Design K. Price Tetra Tech Civil Design/Cost 

J. Mendenhall GS-12 Economics M. Gorecki _ Tetra Tech Economics 

S. Pierce GS-12 Cost Estimator A.E. Hamilton GS-12 ” Real Estate 

W. Gentry GS-12 Real Estate 
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C. Loper King Co. County Project 

Manager 

B. King HDR Civil Design 

Sue Perkins N/A. Geomorphologist 

Faith Roland King Co. County Real Estate 

Wendy Kara King Co. County Civil 

Design 
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INTRODUCTION 

This Coordination Act Report (CAR) presents the U.S. Fish and Wildlife Service’s (USFWS) 
conclusions on the effects of the proposed GreenIDuwamish Basin Restoration Project. This 
report is based on the project description and the related information provided in the Corps of 
Engineers’ (Corps) reconnaissance report, 35 percent design and cost estimate reports, the Jones 
and Stokes’ report, “Restoration Plan - GreenDuwamish River Basin Restoration Program,” 
and on site visits to the projects on August 30, 1999 and on February 7-8,200O. This CAR is 
being provided under the provisions of the Fish and Wildlife Coordination Act (48 Stat. 401, as 
amended: 16 U.S.C. 661, et seq.) and fi,Glls Section 2(b) of this Act. 

The U.S. Fish and Wildlife Service (Service) strongly supports the restoration of the 
CreenDuwamish River Basin ecosystem. .We believe many species of fish and wildlife, 
including the federally listed bald eagle, bull trout and chinook salmon, would significantly 
benefit from the implementation of the proposed actions. 

PROJECTLOCATIONANDSETTING 

The GreenDuwamish River Basin covers an area totaling 483 square miles and extends from its 
highest point (5,750 feet mean sea level) at Blowout Mountain near Stampede Pass in the 
Cascade Range to sea level at Elliott Bay in Central Puget Sound. The GreerJDuwtish River 
is about 90 miles long and flows generally in a northwestern direction toward its mouth at 
Seattle. Fifty project elements are included in’the proposed action and are located from the 
headwaters to the estuary. See figure 1. 

The topography and character of the Green/Duwamish River Basin varies dramatically between 
its headwaters and mouth. The upper watershed is undeveloped and managed almost entirely for 
timber production. The terrain is generally steep and forested, timbered mainly by conifers 
except along the river and stream channels where deciduous and mixed forest stands dominate. 
Few manmade structures comine or restrict the river channels in the upper basin. In the middle 
basin below the Green River Gorge (River Mile 47) where a noticeable break in the terrain 
occurs, the Green River reaches the gentle slope of the valley floor. Much of the original forest 
land has been converted to farmland, and levees increasingly confine the river channel. Most of 
the lower basin has been highly altered by the clearing of the original forest lands and the filling 
of freshwater and estuarine wetlands and intertidal flats, and now consists largely of industrial 
and residential development. The river channel is highly restricted along both banks by levees 
or rock revetment, and is periodically dredged between its mouth and River Mile 5.5 for 
navigation. 

PROJECTPURPOSE 

The project purpose is to restore ecological processes that are directly associated with, or directly 
dependent on, the hydrologic regime of the watershed that has been affected by dredging and 
filling, construction of flood control levees, and operation of Howard Hanson Dam and 
Reservoir. Problems that have been identified include the following: 

l Lack of habitat in the lower GreenDuwamish Estuary, 
l Changes in sediment loads and transport, 
8 Changes in streamflows, 
* Loss of channel complexity and in-channel structure, 
. Water quality degradation, 
0 Barriers to fish passage, 
. Floodplain disconnection, 
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l Habitat fragmentation, 
l Degradation of wetlands and rare species habitats, 
. Changes in forest structure and composition. 

PROJECT AUTHORITY AND SCOPE 

The Green/Duwamish Ecosystem Restoration Study is authorized under the 1962 Flood Control 
Act (Section 209, Puget Sound and Adjacent Waters) and the General Investigation and Water 
Resources Development Act of 1990. 

PROJECT DESCRIPTION 

The Corps of Engineers (federal sponsor) and King County (local sponsor) have proposed 49 site 
specific projects and 1 programmatic restoration.project for implementation over a ten year 
period. Individual project elements involve one or more of the following restoration measures: 
(1) riparian enhancements; (2) channel relocation and reconstruction to restore channel diversity 
and habitat complexity and/or creation of dendrites to increase off-channel rearing habitat; 
large woody debris and boulder additions to increase channel diversity and in-channel 

(3) 

complexity; (4) gravel additions to offset the trapping of gravel in Howard Hanson Dam and the 
reduction in gravel recruitment caused by channel confinement; and the control of fine sediment 
inputs from landslides; (5) floodplain reconnection with the river; (6) fish passage improvements; 
and (7) estuarine habitat restoration. A brief description of all fiAy project proposals is included 
in appendix A. More detailed information can be found in the project site write up and plans, 
prepared by Jones and Stokes, Inc. Table 1 is a matrix of the specific project elements and their 
respective proposed restoration measures. The locations of the restoration proposals are shown 
in figures 2 through 4. 

RESTORATION ELEMENTS 

Rinarian Enhancements 

Many areas along the bank of the Green River and its tributaries lack trees and shrubs and are 
dominated by undesirable invasive and non-native species such as Himalayan blackberry, Scotch 
broom, Japanese knotweed, English ivy, and reed canary grass. As a consequence, the stream 

channel is poorly shaded, lacks the normal inputs of terrestrial insects and detritus to the aquatic 
system, and has liited complexity. 

The removal of undesirable species would be undertaken, as needed, prior to replanting the 
proposed restoration sites with native tree and shrub species such as red alder, big-leaf maple, 
Sitka spruce, western red cedar, red osier dogwood, vine maple, Oregon grape, and sword fem. 
Twenty eight of the fifty project proposals include riparian enhancements. 

Channel Relocation and Reconstruction. 

A significant number of tributaries to the Green River have been channelized and relocated to 
facilitate urban development, agriculture and water conveyance. As a consequence, instream 
habitat has been adversefy impacted by the reduction in channel length, isolation from its 
floodplain and wetlands, scouring caused by the increase in both channel gradient and peak 
discharges; and the loss of diversity and complexity by the removal of large woody debris and 
stream@mk vegetation. 

The proposed restoration elements include the relocation of channelized strearnbeds back to their 
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Project Elements 

21. Lake Meridian Outlet Relocation X X X 

22. Olson Creek X X 

23. Riverside Estates Side Channel X x 

24. Mainstem Maintenance X. 

25. Porter Levee Setback X X 

;Ripaiian enhancements 
&hannel relocatio? and reconstruction 
Large woody debns addmons and construction of engineered log jams 

$avel additions and sediment control 
6F!ood plain reconnection 
7Flsh passage improvements 
Estuarine habitat creation 
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Project Elements 

t t I I I 
50. Programmatic Elements X I x x 

pparian enhancements 
&hanneI relocation and reconstruction 

Large woody debris additions and construction of engineered log jams 
**Gravel additions and sediment control 
igood plain reconnection 
14Flsh passage improvements 

Estuarine habitat creation 
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former alignment, the reconstruction of degraded channels to increase sinuosity, complexity and 
diversity. The construction of small sloughs (i.e., dendrites) to provide additional off-channel 
rearing habitat is also proposed. There are 20 proposed actions that involve dendrite construction, 
channel relocation and/or reconstruction. 

Large Woodv Debris and Boulder Additions 

Many of the tributaries and main channel of the Green River are lacking in large woody debris, 
which has caused a reduction in channel complexity and instream habitat diversity and value, To 
address this issue, additions of large woody debris, the construction of engineered log jams, as 
described by Abbey (1996), and to a lesser extent, the placement of boulders, are included in 
thirty two of the proposed actions. 

Gravel Additions and Fine Sediment Control 

The construction of Howard Hanson Dam at RM 64.5 and levees at various locations 
downstream have interrupted the supply of gravel to the middle and lower river. As a result of 
the diminished sediment supply, the channel bed is becoming increasingly armored and the 
floodplain is becoming more isolated from the river because of its perched condition, The 
addition of gravel at multiple locations in the middle river is intended to replenish degraded 
spawning habitats and to reduce or prevent further channel downcutting and armoring. Gravel 
additions are also proposed in tributaries to the Green River for the purpose of increasing habitat 
diversity to stream segments that have been impacted by excessive inputs of sand and silt. 
Excessive amounts of fine sediment (silt, clay and sand) also impact salmonid spawning habitat 
and the production of aquatic insects that serve as an important prey resource to juvenile salmon, 
trout and char. A number of options for reducing the input of fine sediment from landslides are 
proposed, including stabilizing active landslides, rerouting the live channel away from the toe of 
the slide, mechanically removing sediments fiom the face of the slide, or combination of these 
elements. Thirteen of the proposed actions involve the addition of gravel or measures to reduce 
the input of sand and silt. 

Floodplain Reconnection 

Levees and training dikes limit the migration of the Green River as well as limit the hydrologic 
connection between the river and its floodplain. The removal or breeching of levees and dikes 
are proposed at five locations to improve the habitat value of the floodplain for fish and wildlife, 
and to restore the fluvial processes. 

Fish Passage Improvements 

The ability of fish to use a number of Green River tributaries and side channels is impaired or 
prebluded by dikes, levees, perched culverts, and tide gates. Proposed fish passage 
improvements include breaching levees and dikes to permit access to former side channels and 
backwaters, replacing culverts at stream crossings with bridges or bottomless culverts, and 
replacing tide gates with those that are designed to allow fish passage. Fifteen projects include a 
fish passage improvement element. 

Estuarine Habitat Restoration 

More than 95 percent of the Duwamish estuary has been lost as a result of industrial, residential, 
navigation and other urban developments. The estuary is an very important transition zone for 
anadromous fish as they adjust to the increasingly saline waters on their migration to the marine 
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environment. Two estuarine restoration projects have been included and involve the removal of 
fill to create intertidal channels, mudflats, and emergent marsh habitats, or the addition of 
structure to increase the complexity of subtidal habitat. 

All of the proposed actions are located within or adjacent to the Green and,Duwamish Rivers or 
their tributaries. Consequently, this report will focus on the fish, wildlife and botanical resources 
that are expected to occur within the project’s direct influence. The description of the resources 
within the project impact zone, however, will be more general in detail because the project 
schedule allowed for only a very limited amount of time to conduct our review of the project 
sites. As a consequence, the discussion on the effect of the proposed action on fish, wildlife; and 
botanical resources will be more general and qualitative, and in some cases will be based on the 
assumption that these resources occur within the proposed project sites, rather than on actual 
observations. Additional information on the Green/Duwamish River Basin’s biological 
resources can be found in the Corps’ reconnaissance report. 

VEGETATION AND WILDLIFE 

Lower Green River and Duwamish Estuarv (River Mile 0 to 11) 

Most of the lower Green River is located on the valley bottom and has been heavily affected by 
urbanization, agriculture, flood control levees, and the development of Port and navigation 
facilities. Only a few acres of the former estuarine mudflat and salt marsh complex still remain. 
Representative vegetation includes saltgrass, seaside arrowgrass, Lyngby’s sedge, pickleweed, 
and eelgrass. Bird species that use the Duwamish estuary include the double-crested cormorant, 
great blue heron, western grebe, Canada goose, mallard, white-winged scoter, bufflehead, 
common merganser, red-tailed hawk, herring gull, killdeer, crow and song sparrow. Mammal 
species include the raccoon, river otter and deer mouse. 

I-IistoricalIy, expansive freshwater wetlands existed along the lower Green River, but now most 
of the wetlands have been converted to industrial and residential properties and agricultural 
fields. Occasionally, small patches of red alder, black cottonwood, big-leaf maple and willow 
occur along the river bank, which is typically confined between flood control levees, More 
commonly, Himalayan blackberry and various grass species are the dominate vegetation on the 
channel bank. Representative wildlife includes the great blue heron, Canada goose, mallard, 
common merganser, red-tailed hawk, violet green swallow, song sparrow, coyote, raccoon, river 
otter and deer mouse. 

Middle Green River driver Mile 11 to 60) 

This river zone occurs between 200 feet and 1000 feet in elevation, and is located entirely within 
the western hemlock vegetation zone. Western hemlock, western red cedar, and Douglas fir are 
the dominate tree species, with understory vegetation including vine maple, salal, Oregon grape 
and sword fem. The riparian forest is dominated by big-leaf maple, black cottonwood, red alder 
and western red cedar. Understory vegetation includes salmonberry, snowberry, and sword fem. 
Representative wildlife includes the bald eagle, Cooper’s hawk, great blue heron, northern 
flicker, willow flycatcher, rufous sided towhee, winter wren, ruby crowned kinglet, song sparrow, 
black-tailed deer, raccoon, river otter, beaver, and red legged frog. 

10 



Although residential development, hobby farms, agriculture and bank stabilization have 
encroached on the riparian forests along the middle green river, significant blocks of riparian 
forests still remain. 

Unner Green River 

Most of the upper Green River Basin lies within the western hemlock vegetation zone, although 
intensive timber harvest during the last 50 years has converted much of this area to young stands 
of Douglas fir and western hemlock. Development, with the exception of the Howard Hanson 
Dam and Reservoir, the railroad and access roads, has had little impact on the.riparian forest of 
the upper basin. Steep terrain and frequent channel migration probably lit the establishment 
and size of the riparian forest upstream of Howard Hanson Dam. The riparian forest is 
dominated by red alder, black cottonwood and willow, and also includes such understory species 
as salmonberry and sword fem. Representative wildlife includes the black bear, mountain lion, 
elk, raccoon, red-tailed hawk, raven, willow flycatcher, and red-legged frog. 

FISHERY RESOURCES 

At least 47 species of fish are known to use the GreenLDuwamish River, based on the fish 
surveys conducted by Masuda, et al. (1968) Meyer et al. (1980), USFS (1996), Warner and Fritz 
(I 995), Wunderlich and Toal (1992). They include anadromous, freshwater, estuarine and 
marine species. See appendix D for the list of fish species known or expected to occur in the 
GreeniDuwamish River Basin and Estuary. 

Anadromous fish species known or. expected to occur in the system include chinook salmon, 
coho salmon, chum salmon, pink salmon, steelhead and sea-run cutthroat trout and sea-run char. 
Naturally spawning populations returning to the GreenDuwamish system have all declined 
dramatically in response to the loss of habitat and/or overfishing. Major losses of habitat 
occurred with the filling of the Duwamish Estuary, channelization, levee construction, timber 
harvest, and the construction of the Tacoma Diversion Dam. Presently, significant numbers of 
chinook, coho and chum salmon and steelhead trout are released from State and Tribal 
hatcheries. 

Fall chinook salmon are managed for natural production, with an escapement goal of 5,800 fish. 
Spawner escapement has averaged about 7,600 fish and has ranged between 5,000 and 10,500 
fish (Warner et al. 1995). Significant numbers of hatchery fish are released annually from the 
WDFW Green River Hatchery (3.2 million young-of-the-year and 300,000 yearlings) and the 
Tribe’s Keta Creek Hatchery (up to 2 million young-of-the-year). The hatchery component is 
believed to equal or exceed the naturally produced component of the total run (Hage, personal 
communication). In recent years, between 500,000 and 1.8 million chinook salmon have been 
planted annually upstream of HHD (Hickey 1996). Spring chinook salmon occur now in only 
very low numbers. 

Green River coho salmon are essentially managed as a hatchery stock, even though there is a 
natural escapement goal of 8,700 fish. As a consequence of the higher harvest rate, the natural 
escapement goal is rarely met. The run size has ranged between 3,000 and 23,000 fish and is 
maintained primarily through hatchery releases (Warner et al. 1995). The Tribe’s Keta Creek 
Hatchery produces about 600,000 yearling and up to 2 million young-of-the-year coho, annually. 
About 500,000 yearlings are also produced at the WDFW Green River Hatchery. 

Green River chum salmon runs are supported by both natural and hatchery production. The 
combined run size has averaged a few thousand fish, which is markedly smaller than the run size 
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of over 11,000 estimated by Williams et al. (1975) from the mid-70’s, or the 12,750 annual 
escapement estimate for the 1938 to 1942 period estimated by Fuerstenberg et al. (1996). In the 
last few years, however, chum salmon escapement surveys conducted by the Muckleshoot Indian 
Tribe have placed the run at over 10,000 fish., annually. A minimum of 500,000 chum salmon 
fry are release annually from the Keta Creek Hatchery. 

Pink salmon historically used the system but have dropped to such low numbers that they are 
now functionally extinct from an ecological perspective. 
numbers since the 1930’s (Warner et al. 1995). 

Pink salmon have not returned in large 

The Green River supports both a summer and winter run of steelhead. 
larger and is composed of both a hatchery and a wild stock. 

The winter population is 
About 220,000 hatchery smelts, 

originally derived from Chambers Creek stock, are released annually from the WDFW’s Palmer 
Hatchery. In addition, up to 90,000 smolts are produced at the Tribe’s Keta Creek Hatchery. In 
recent years, between 55,000 and 84,000 steelhead have been planted upstream of HElD @&key 
1996). The wild run is considered healthy, and becquse of its different spawning timing, does 
not interbreed with the hatchery stock to a significant degree. The escapement goal for the wild 
run is 2,000 fish. Between 1975 and 1985, the total run size ofwild and hatchery stocks, 
combined, averaged 11,000 annually (Grette and Salo 1986). Between 1988 and 1996, the total 
run size declined to an average of about 4,700 fish (Cropp 1996). The summer run originated 
from plants of Skamania steelhead smolts beginning in 1965, and is maintained by the annual 
release of about SO?000 hatchery smolts. The summer run catch (sport and tribal) has ranged 
from a low of 396 m 1991 to a high of 3,461 in 1981 (Cropp 1996). 

Information is very limited on abundance and distribution of sea-run Cutthroat trout, Dolly 
Varden and bull trout. Historically, the Green River is believed to have supported large numbers 
of each of these species (Grette and Salo 1986) but now supports remnant populations at best. 

The use of the Duwamish-Green River systems by marine and estuarine fish species occurs 
primarily within the lower 10 miles, although some species like starry tlounder that have a 
tolerance for freshwater, may use habitats upstream of the saltwater we,dge. The saltwater 
wedge can extend upstream to rivermile 10 during low runoff and high tides (Santos and Stoner 
1972 in Corps 1995). More than twenty estuarine and marine species occur in the lower river, 
inch&g surf smelt, Pacific herring, pile perch, Pacific tomcod, andstarry flounder. 

The Green River and its tributaries upstream of HHD support resident.populations of rainbow 
trout, cutthroat trout, mountain whitefish, and several species of sculpms. Brook trout are also 
known to occur in Page Mill Pond and Page Mill Creek. Since 1982, hatchery chinook and c&o 
salmon, and steelhead trout juveniles have been frequently planted upstream of Howard Hanson 
Dam. Wild or naturally produced adult steelhead, numbering between 20 and 133, have been 
collected at the fish trap at Tacoma’s diversion dam since 1992, and released upstream of 
Howard Hanson Dam. 

FEDERALLY LISTED SPECIES 

The federally listed species that are known to or may occur within the vicinity of the proposed 
projects include the gray wolf, bald eagle, marbled murrelet, northern spotted owl, bull trout, and 
chinook salmon. The Corps IS preparing a biological assessment that discusses the occurrence of 
listed species, their use of the project area and the expected effect of the project on them. 
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WITHOUT THE PROJECT CONDITIONS 

In the absence of the proposed project, the Duwamish and Green Rivers, tributaries, associated 
riparian forests and floodplains would not benefit from the improvements being proposed under 
the Corps of Engineers’ Water Resources Development Act authority. Although other habitat 
restoration efforts are being pursued by the Corps and other entities at the present (through other 
authorities and actions), and will likely continue into the future, it is unlikely that an alternative 
funding source would be found to implement the large number and broad scope of projects being 
proposed under this authority. Furthermore, additional urbanization and development could 
preclude the implementation of a number of the restoration proposals even if an alternative 
fimding source was available in the future. 

Without the project, 6 acres of estuarine and subtidal habitats would not be created , restored or 
enhanced and therefore, there would be no increase in the amount of foraging habitat for 
juvenile salmon and steelhead while they acclimate to the increasing salinity of the marine 
environment. Nor would a wide variety of estuarine and marine fish and wildlife have the 
opportunity to utilize the highly productive intertidal habitat. 

In the absence of gravel additions to the Green River, channel armoring will continue to progress 
downstream, resulting in the further loss of anadromous fish spawning habitat. Degraded 
spawning habitat would not be replenished with new gravels. The downcutting of the Green 
River into its channel would also continue, leaving its floodplain in an increasingly perched 
conditions and less available to support its firnctions and values, e.g., cycling of nutrients, 
maintenance of associated wetlands, etc. 

Several creek segments that presently resemble a roadside ditch or lack a defined channel will 
continue to offer little value to fish and wildlife, mainly because they provide little channel 
complexity or habitat diversity. 

Riparian plantings and/or the acquisition of riparian buffers at 28 locations, totaling more than 
360 acres along the streambank would not occur, leaving many tributaries with unshaded banks, 
lower detrital and insect production, higher summertime water temperatures, and little 
opportunity for the future recruitment of large woody debris to provide channel complexity and 
habitat diversity. Many of the proposed project sites would continue to support non-native 
vegetation (e.g., Scotch broom, reed canary grass, Himalayan blackberry, and Japanese 
knotweed) that provide little value to fish and wildlife species. 

Tributary and mainstem instream habitats would not be enhanced by the placement of large 
woody debris or the construction of engineered log jams. The current lack of large trees, 
especially conifers, within the riparian zone indicates that the natural recruitment of sufficient 
large woody debns to the channel to restore channel complexity and diversity is not possible. 
Therefore, in the absence of large woody debris supplementation, habitat diversity and value will 
continue to decline. 

At five locations, the Green River would remain isolated from its floodplain by dikes and levees, 
precluding the formation of new side channels and backwater areas which are important rearing 
habitats for salmon and steelhead. 

Tributary and side channel habitat at fourteen locations would continueto be inaccessible to fish 
due to poorly designed culverts, water control structures and trammg dikes. 

13 



WITH THE PROJECT CONDITIONS 

Implementation of the proposed project would result in improvements in habitat and river 
processes that were just described as not being implemented in the “without the project” 
discussion. Specifically, the implementation of the project would result in the following: (1) 
eight acres of estnarine restoration in the Duwamish River and two acres of subtidal 
enhancement in Elliott Bay; (2) the revegetation of stream banks and/or the acquisition of 
riparian buffers at twenty eight sites, totaling more than 365 acres; (3) the reconnection of the 
floodplain at five locations in the mrddle Green River, (4 ) improvements to channel complexity 
and diversity at thirty seven sites, totaling over 160 acres; (5 ) the rehabilitation of spawning 
habitat and restoration of sediment transport processes; and (6 ) passage improvements at 
fourteen tributaries. 

DISCUSSION 

The implementation of all fifty habitat restoration proposals represents an important step toward 
reducing the adverse effects of development along the GreenLDuwamish River corridor, and 
restoring habitat for salmon, steelhead, other fish species and wildlife. The restoration measures 
proposed under the Corps’ Water Resources Development Act authority are not sufficient alone 
to reverse the loss of habitat and the interruption to the natural riverine processes, but are a 
critical component of the larger restoration efforts being undertaken in the basin. Other 
restoration actions in planning or underway include the Howard Hanson Additional Water 
Storage Project, the draft Tacoma Water Habitat Conservation Plan (HCP), Department of 
Natural Resources HCP, Muckleshoot/Tacoma Public Utilities Settlement Agreement for 
Pipeline 5, and several projects funded under the Corps’ Section 1135 authority. 

The fifty proposed projects address to varying degrees most of the limiting factors that were 
identified during the GreenLDuwamish River Basin General Investigation, and listed earlier in 
this report. Of the limiting factors, we believe the proposed actions will have the greatest effect 
on removing barriers to fish passage, improving channel complexity and in-channel structure, 
addressing sediment loads and transport problems, and to a lesser extent, on restoring,habitat in 
the lower Green/Duwamish Estuary, reconnecting the mainstem with its floodplain,. and reducing 
habitat fragmentation. 

Essentially all of the proposed actions would beneficially affect habitats and resources of special 
concern to the USFWS, including riparian forests, the estuary, anadromous fish, and federally 
listed species. 

Rinarian Forest 

The Service strongly supports protection and restoration of riparian forests, as well as their 
associated wetlands, because of the high value of this habitat to many specres of fish and 
wildlife, the important processes and fimctions they provide, and because only a small amount of 
this habitat still remains in the GreenlDuwamish River Basin. Riparian forests provide important 
breeding and foraging habitat, as well as a migration corridor for many species of wildlife. 

The riparian zone functions both as a producer and a temporary trap for the recycling of nutrients. 
The decomposition of forest litter produced onsite and the trapping of leaves, detritus and other 
organic material from upstream sources during floods makes the riparian zone h.@ly productive 
and of great importance to wildlife. As a consequence of losing much of the riparian forests 
within the basin to agricultural and industrial development, and the separation from the river by 
levees, significantly less nutrients are produced, intercepted from upstream sources, and made 
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available in usable forms for both the terrestrial and aquatic food chains. 

The riparian zone also benefits fish and other aquatic resources by reducing fluctuation in water 
temperature through solar shading, by providing a refuge from high water velocities during flood 
events, by increasing flows during the summer low flow period through the gradual release of 
flood waters that have percolated into the floodplain, and by its contribution of large woody 
debris. Besides the structural value of large woody debris as fish and wildlife habitat, it is also 
an important component in channel formation and the maintenance of channel complexity and 
diversity. Presently, large woody debris occurs in such low abundance in the Green/Duwamish 
system that it has little effect on the channel formation processes (Fuerstenberg et. al. 1996). 
The construction of levees and the removal of much of the riparian forests within the basin has 
greatly impaired all of the above processes and values. 

GreenIDuwamish Estuary 

Severe losses of estuarine wetlands and intertidal habitats have occurred due to the development 
of industrial and urban areas and port facilities. Presently, less than 3 percent (100 acres of the 
pre-settlement estimate of 3 950 acres) of the tidally influenced flats, marsh and swamp remain 
(Blomberg et al. 1987). The value of estuarine habitat to fish and wildlife is well documented in 
the literature, so the following discussion will focus on our main reason for supporting 
restoration efforts in the Duwamish River estuary. Estuarine wetlands and their associated 
intertidal zone provide crucial habitat for outmigrating juvenile anadromous fish while they 
physiologically adapt to the higher salinity of the marine environment. During this acclimation 
period, these habitats provide rich foraging areas and a refuge from predators occurring in the 
deeper water of the channel. 

Anadromous Fish 

Historically, the Green/Duwamish River supported significant runs of chinook, coho, chum and 
pink salmon, and steelhead trout, as well as Dolly Varden and/or bull trout and sea-run cutthroat 
trout. Populations of all of these species have declined dramatically in response to habitat loss or 
degradation, and over-fishing. Salmon and steelhead escapements to the Green River declined 
by 60 percent or more between the 1938 to 1942 and 1987 to 199 1 periods (Fuerstenberg et al.. 
1996). 

Besides their importance to the commercial and recreational fisheries, anadromous fish provide a 
portion of the food requirement of a variety of wildlife and have a significant role in the recycling 
of nutrients in the ecosystem. Cedarholm et al. (1989) determined that at least 22 species of 
wildlife, including black bear, mink river otter, and bald eagle, feed on salmon carcasses. Bilby 
et al. (1996) found that coho salmon carcasses provided a sign&ant percentage of the nitrogen 
in riparian vegetation adjacent to salmon-bearing streams, and significant percentages of both 
carb,on and nitrogen in the streams’ aquatic macroinvertebrates. 

The proposed projects would provide major benefits to anadromous fish by improving spawning 
and rearing habitats, as well as addressing factors that impact their migration, e.g., barriers and a 
lack of channel complexity and instream structure. 

Federallv Listed Species 

Habitat loss within the basin has caused significant impacts to a number of federally listed 
species including chinook salmon, bull trout, bald eagle, marbled murrelet, northern spotted owl, 
and gray wolf Of these, chinook salmon, bull trout, bald eagle, marbled murrelet are species 
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that wouId benefit the most from the proposed project. Chinook salmon and bull trout would 
benefit from the improvements in habitat and restored fluvial processes previously discussed in 
this report. Bald eagles would benefit from improvements to their prey resources, e.g., salmon 
and waterfowl, and in the long term from the additional perching and nest trees that result from 
the riparian enhancements. Marbled murrelets are likely to benefit from the improvements in 
estuarine productivity that increase forage fish abundance, e.g., herring and sandlance. 

Although the proposed projects are expected to benefit federally listed species in the long term, 
project construction could adversely affect some of these species, e.g., chinook salmon, bull 
trout, and bald eagle in the short term, depending on the timing and construction methods used. 
The Corps will be addressing the potential impact of the proposed actions on listed species in 
their programmatic biological evaluation. It is our expectation that the Corps will meet with the 
USFWS and NMFS to discuss the final design refinements for of each of the proposed projects. 
Based on these details, we would determine if the projects still fall within the scope of the 
programmatic biologrcal assessment and coverage under our Section 7 consultation. 

Other Issues and Concerns 

Although we support the restoration objectives of the proposed project, it is necessary to mention 
that important details (i.e., hydrology, elevations, alignment, effect on adjacent lands, etc.) on 
many of the 50 specific projects have yet to be developed and will not be available until the 
advanced engineering and design phase. Consequently, we can only provide our conditional 
support for the proposed project and its individual restoration elements at this time. We may be 
unable to maintain our support for a few of the proposals because of unacceptable natural 
resource tradeoffs or risks that may come to light during the design phase. For example, the goal 
of optimizing fish use in a Middle Green River side channel may conflict with our wetland 
protection objectives if significant dredging is involved, e.g., Brunner Slough. Other concerns 
include the potential effect of ground water tapping on adjacent wetlands, the placement of 
gravel or large woody debris in side channels that may increase the sediment transport rate in the 
mainstem channel, etc. We believe that most of the potential conflicts can be reduced by our 
continued participation during the final design phase. 

The prioritization and implementation of the individual projects should be updated to address 
important changes in project design, location, feasibility or other assumptions that may occur as 
the project details are refined. For example, re-prioritization would be desirable to address 
changes in project cost, expected effectiveness, and risk from competing uses that may 
jeopardize the opportunity for implementation at a later date. In addition, flexibility should be 
added to allow for the addition of new projects to replace those on the current list that cannot be 

, implemented because of landownership, feasibility or for other reasons. 

We also have some current reservations about some of the proposals that involve restoring some 
of the very highly degraded sites (e.g., Gilliam Creek) because of concerns about high cost, risk, 
limited biological return, and reliance on improved future conditions in the upper watershed. 
Favorable information on water quality and on measures or zoning to protect the upper watershed 
would help reduce our concern about the cost effectiveness of these projects. In addition, we 
recognize that there are intangible benefits from public education and awareness. 

We strongly support the inclusion of monitoring (both compliance and effectiveness) and 
adaptive management as essential components of the project. Habitat restoration, unlike the 
construction of roads or dams, should be viewed as a dynamic process. The desired habitat, 
along with its biological community, rarely occurs at the time of project construction but 
develops over time in response to physical, hydrologic and biological interactions. 
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Consequently, the need for project maintenance or modifications should be expected and 
included as part of the project design. We believe the success of the project can be greatly 
improved by developing a detailed monitoring plan and using the monitoring results to 
adaptively manage both the normal maintenance of the sites and the implementation of remedial 
actions. This approach is recommended by the Corps (1996) in its report, “Planning ,and 
evaluating restoration of aquatic habitats from and ecological perspective.” In that document the 
Corps states, “Successful restoration of ecosystems is uncertain, and management of the restored 
system requires a continuous source of information. A monitoring program reduces uncertainty 
and forms the cornerstone of the assessment of the progress of the system.” With regard to the 
role of adaptive management, the Corps states, “ In a restoration project, the active adaptive 
method may provide the most meaningful information for making decisions that will ensure the 
ultimate success of the project and provide meaningful data that will help in the design of future 
projects.” 

CONCLUSIONS 

We believe the proposed project would benefit many species of fish and wildlife, including a 
number of federally listed species, and would begin to address a number of the ecological 
processes that have been impacted by development in and along the floodplain.. Although the 
proposed project by itself cannot be expected to reverse the adverse effects of development, we 
consider it the main component of the larger effort to restore anadromous fish and other natural 
resources within the Green/Duwamish River Basin. 

We strongly support the approach of the proposed restoration project, and give our conditional 
support on the individual restoration proposals and programmatic elements, pending the 
satisfactory resolution of any remaining fish and wildlife resource issues during the final design 
phase. It is our expectation and understanding that we will have further opportunities to review 
and comment on the detailed plans as they are developed. 

RECOMMENDATIONS 

1. The project sponsors should follow through with their commitment to develop and include as 
a part of the project a detailed monitoring plan that clearly identifiesthe objectives and goals to 
achieve for each of the individual restoration projects and the use of adaptive management in the 
maintenance and implementation of corrective actions. This plan should contain both 
compliance and effectiveness monitoring elements for the purpose of verifying that each of the 
projects was constructed as designed and that the biological goals are being achieved. In 
addition, the monitoring plan should define the adaptive management approach that would be 
followed, including time lines, measurable goals, etc. We would like to participate in the 
development of the monitoring and adaptive management plan. 

2. The project sponsors should provide a commitment to monitor the projects for a minimum of 
ten years, with the provision to adjust the monitoring period to reflect the degree of project 
uncertainty. The actual monitoring period for some project elements could be shortened if the 
goal is being met and the project site has reached a level of stability, i.e., dynamic equilibrium, 
that indicates the goal will continue to be met. For example, the fish passage rmprovement 
projects would likely require less than ten years of monitormg. For some other projects, 
however, the monitoring period should be longer than ten years because of the higher level of 
uncertainty and the more dynamic site conditions. Examples of projects that are likely to require 
more than ten years to determine their long term effectiveness include gravel and large woody 
debris augmentations and the construction of engineered log jams. 
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3. The prioritization of the pending projects should be updated annually to reflect new or 
updated information, including the effectiveness monitoring results, additional risks to the 
project site from competing land use interests, changes in upper watershed influences, design 
constraints or necessary modifications due to landownership, hydrology, soils, hazardous waste, 
and updated cost estimates. In addition, a mechanism should be included to allow for the 
replacement of project elements that are dropped because of landownership, feasibility or other 
reasons. 

4. Annual meetings should be held during the ten year project implementation period to facilitate 
discussions on the monitoring results and on the projects that are scheduled for construction 
within the next 12 months. These meetings would be useful in updating the project reviewers on 
the project changes and refinements that have occurred. 

5. Threatened and endangered species issues for specific project proposals should be addressed 
in time to avoid delays in project construction. 

6. The USFWS should be funded in the next project phase so that we can continue to participate 
in the review of the updated project plans and to help resolve any remaining fish and wildlife 
issues on a timely basis. 
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Appendix A. Common and scientific names for the plant species mentioned in this report that 
occurring within the vicinity of the proposed project. 

Appendix B. Common and scientific names of reptiles and amphibians mentioned in this 
report that are known or expected to occur within the vicinity of the proposed project. 

Common Name Scientific Name 
Common garter snake I! hamquhis sirfalis 
Ensatma kmtina eschscholtzii 
Northern alhgator hzard h&aria coerulea 
Pa&c chorus frog, Pseuducris regilla 
Red-legged frog Rana aurora 
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Appendix C. Common and scientific names of bird species mentioned in this report that are 
known or expected to occur within the vicinity of the proposed project. 

I Common Name I Scientific Name 
Amencan crow Corvus brachynchos 
Bald eagle Haliaeetus Leucocephaius 
Black-capped chickadee Parus atricapillus 
BufiIehead Bucephala albeola 
Canada goose 
Common merganser 
Cooper’s hawk 
Double-crested cormorant 

Branta canadensis 
Mergus merganser 
Accipiter cooperii k 

I Phalacrocoraw auritus 
I 

1 Ardea herodias Great blue heron 
t 

Herring gull Larus argentatus 
Killdeer Charadrius vociferus 
Mallard Anas platyrhynchos 
Marbled murrelet Brachyramphus marmoratus marmoratus 
Northern fhcker 

I - - 

1 Colaptes auratus 
Ww 
Prleated woodpecker 
Common raven 
Rufous-srded towhee 

1 Red-tailed hawk 

Pandion haliae tus 
Dryocopus pileatus 
Corvus corax 
Yipilo erythropthalmus 

1 - _ - 

1 Buteo jamaicensis 
I 

Ruby-crowned kmglet Regulus calendula 
Song sparrow Melospiza melodia 
Violet-meen swallow I 1 achycine ta thalassina 

l 

Whrte-wmned scoter Melanitta fusca 
Willow flycatcher 
Wmter wren 

bmpidonax traillii 
Troglodytes troglodytes 
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Appendix E. Common and scientific names of mammal species mentioned in this report that 
are known or expected to occur within the vicinity of the proposed project. 

Roosevelt elk 1 Cervus canadensis roosevelti 
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Appendix F. Description of the Individual Restoration Projects 

Elliott Bay Nearshore. The purpose of this project is to provide additional primary productivity 
in the nearshore area and to provide a more complex environment for juvenile rockfish and 
salmonids in the nearshore subtidal zone. 
inches in diameter) 

The project involves the placement of angular rock (18 
along the minus thirty foot contour and shell hash and pea gravel at the minus 

two foot contour. 

Site 1, Duwamish. The goal of the project is to improve intertidal and wetland habitat for 
juvenile salmonids. The project would entail excavating fill and native soils to a depth of 2 feet 
MLLW at the inlet to 12 feet at the upper edge of the marsh to create off-channel, emergent marsh 
and intertidal habitats. The project would also include adding riparian and emergent vegetation 
and LWD to create higher quality intertidal habitat. 

Riverton Side Channel. The goal of this project is to provide summer rearing, winter rearing, 
and flood retige habitat for juvenile salmonids in a newly constructed side-channel to the Green 
River. A backwater slough would be constructed to provide winter rearing and flood re&ge 
habitat. Construction will include establishment of LWD and spawning gravel in the new 
channel. Loss of existing wood will be minimized. Excavated material would be removed from 
the site. The existing tide gate would be replaced with a passable gate. Invasive plants will be 
removed and replanted with native trees and shrubs. 

Codiga Fams. The purpose of this project is to provide off- channel retigia for juvenile 
salmonids when flows in the Green River mainstem are high. The project would create off- 
channel habitat through excavation of a backwater channel. Riparian and wetland plantings would 
be included. Unwanted vegetation would be removed prior to planting. Pool habitat would be 
created through excavation and LWD placement. LWD would be placed in front of excavated 
pools to add stream shade and structure. Large rocks would be placed to break up the flow within 
the backwater channel. 

Black River Marsh. The project goal is to crCate salmonid rearing and storm re&ge habitat. The 
restoration activities include riparian and wetland plantings, and LWD placement. The riparian 
buffer would be planted from the railroad bridge to the confluence with the Green River. Wetland 
species would be planted to 1Zfoot elevation. 

Gilliam Creek. The goal is to provide fish passage, improve coho and cutthroat rearing habitat, 
and enhance spawning habitat. The project would reprove fish passage by adding a tunnel to the 
existing culvert under the levee. The existing gate would be replaced with a passable Waterman 
gate. Rearing habitat would be improved by pulling back the north bank as far as space (I-405 
right-of-way) permits. LWD wads would be placed. Sinuosity may be added if settling velocities 
permit. Spawning habitat would be improved by adding one to three gravel pads in the potential 
spawning reach. 

Lower Springbrook Creek. The project goal is to create rearing and storm retige habitat for 
salmonids. The project includes two-stage rechanneling, riparian planting, LWD placement, and 
dendrite and hummock construction. The reach between SW 16th Street and SW 23rd Street 
would be rechanneled, as would the west side of the reach between SW 34th and SW 40th. 
Riparian plantings would take place within a 60-foot buffer on the east side and a 30-foot buffer 
on the west side of the channel. Unwanted vegetation would be removed prier to planting. Pool 
habitat would be created through excavation and LWD placement. Dendrites would be created 
and excavated material used to form hummocks to provide increased riparian topography. 
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Upper Springbrook Creek. The project goal is to create spawning, rearing and storm refuge 
habitat for salmonids. The project includes meandering the channel, placement of spawning 
gravel, sediment trap installation, placement of LWD, and riparian planting. The stream would be 
shifted to the north and gently meandered, maintaining one-stage stream configuration. 
gravel would be placed in the streambed. 

Spawning 
A sediment trap would be installed at the north end of 

the reach on one side of the channel, with riparian plantings on the opposite side. A 100-foot 
corridor of riparian plantings would occur along existing and proposed channels, 
five pools with LWD would be placed. 

Approximately 

Mill Creek East. The purpose of the project is to create spawning, rearing and refuge habitat. 
The project involves the excavation of excess sediments and the construction of a new low flow 
channel. Riparian vegetation would be planted after removing non-native, invasive plant species.. 
Plantings would include a combination of native shrubs, conifers, and deciduous trees. LWD 
would be placed within the stream channel to provide m-stream cover and habitat complexity. 

Garrison Creek. The project goaIs are to create spawning, rearing and refuge habitat, and to 
control sediment from the landslide. The proposed action includes the removal of excess 
sediments and the construction of a new low flow channel. In addition, the existing culvert would 
be replaced with a three-sided box culvert to allow fish passage. Riparian vegetation would be 
planted after removing non-native, invasive plant species. Plantings would take place within the 
landslide area to minimize sediment delivery. Plantings would include a combination of native 
shrubs, conifers, and deciduous trees, LWD would be placed within the stream channel to provide 
instream cover and habitat complexity. 

MulIen Slough, Prentice Nursery Reach. The goal is to create salmonid rearing and storm 
refuge habitat. The proposed action wouId fill the channel fiom its confluence with the Green 
River to about 500 feet upstream; creating a steady 2 percent gradient. The channel would be 
cleared of debris and blackberry bushes and the riparian zone would be planted with trees and 
shrubs to provide shade and bank stability. LWD would be placed in front of excavated pools to 
add stream shade and structure. Two dendrites would be constructed as additional refuge habitat. 
They would be 4 feet in width at the main channel and meander along the natural slope, narrowing 
gradually and ending at ground elevation. Hummocks would be formed with cut mater2 from 
the dendrite construction. 

MulIen Slough Reach. The project goal is to create salmonid rearing and storm refige habitat. 
The project actions include channel meandering, LWD placement, and riparian plantings. The 
channel would be gently meandered from 277th Street to the beginning of the tree canopy. LWD 
pools would be created approximately every 50 feet. Riparian vegetation would be planted from 
277th Street to the beginning of the tree canopy. Removal of reed canary grass, blackberry, and 
purple loosestrife would occur within a lOO-foot buffer of the channel prior to planting. Plantings 
would include a combination of native shrubs, conifers, and deciduous trees. 

Mili Creek, Schuler Brothers Reach. The project goals are to create salmonid rearing and storm 
refbge habitat and to increase the high flow capacity of the channel reach. The project includes 
channelization, riparian planting, and dendrite construction. A two-stage rechanneling would 
create a meandering narrow segment bypassing the existing pond just south of South 277th Street. 
A two-stage channel would be created in the remainder of the reach to provide additional 
conveyance during high flows. Existing channel meandering would be left as is. Riparian 
vegetation would be planted (and unwanted vegetation removed) along existing and proposed 
channels. LWD pools would be created. Dendrites would be created and the excavated material 
would be used to form hummocks to provide increased riparian topography. 
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Mill Creek, Merlin0 Reach. The goal is to create salmonid rearing and storm refuge habitat. 
The project would include deepening, widening, and meandering of the channel, riparian planting, 
woody debris pool placement, and creation of dendrites and hummocks. A one-stage channel 
would be constructed south of 37th Street NW and a two-stage channel north of 37th Street NW. 
The existing stream would be deepened, widened, and meandered. Riparian planting of trees and 
shrubs would occur adjacent to any newly constructed channel. Unwanted vegetation would be 
removed prior to planting. Pools would be excavated and LWD placed every 50 feet. Dendrites 
would be constructed and excavated material used to create hummocks within the riparian buffer. 

Mili Creek, Wetland 5K Reach. The project goal is to create salmonid rearing and storm refuge 
habitat. A straight, shallow stream channel and a lack of riparian vegetation hinder the Wetland 
5K Reach from functioning effectively as rearing habitat and storm refuge. The channel would be 
gently meandered, maintaining a one-stage stream configuratjon. The riparian buffer would be 
planted according to the King County Flood Control Plan. Pool habitat would be created through 
excavation and LWD placement. Dendrites would be created and excavated material used to form 
hummocks to provide increased riparian topography. 

Mi!l Creek, Goedeke Reach. The project purpose is to create rearing and storm refuge habitat 
and eliminate fish stranding in the north end pond. The existing channel is straight and shallow 
and lacks riparianvegetation. A disconnected pond at the north end of the site is a likely location 
for fish stranding. The project would widen the existing 5- to 6-foot channel to 8 to 10 feet. The 
channel would be deepened and meandered. The pond would be deepened to the water table 
(about 3 feet). A narrow connection would be excavated while minimizing riparian destruction. 
An additional 2-acre rearing and storm refuge pond would be constructed. Riparian plantings 
would take place within a 200-foot buffer of an 800-foot-long corridor and along the newly 
constructed channel. Unwanted vegetation would be removed prior to planting. Pool habitat 
would be created through excavation and LWD placement. Dendrites would be created and 
excavated material used to form hummocks to provide increased riparian topography. 

.Green River Park. The goal is to create off-channel high-flow refugia from the Green River 
mainstem. The project would create off-channel habitat through excavation of an off-channel 
slough. The bottom of the slough would be set at mean winter flow elevation. The slough would 
connect to the mainstem with a wide mouth to avoid sedimentation and make it easy for fish to 
find during high flows. LWD would be placed in the channel. Riparian areas would be planted. 

Horsehead Bend Side Channel. The goal is to provide winter rearing and flood refuge habitat 
for salmonids. A channel would be excavated in the narrow peninsula on the south side of 
Horsehead Bend (on the inside of the bend). The channel, which would connect with the river on 
the downstream end, but not the upstream end, would be a backwater slough providing winter 
rearing and flood refuge habitat. A specific location for the channel has not been determined. 

m Auburn Creek The goal is to provide adult and juvenile passage, winter refugia, and 
summer rearing habitat in NE Auburn Creek. A large tide gate currently blocks passage for fish 
into Auburn Creek at its confluence with the Green River. The creek currently has approximately 
2,000 feet of cottonwood rip&an canopy upstream from the tide gate. Beyond this, the creek 
turns into a ditch with little or no riparian vegetation other than blackberry. The project would 
remove the existing tide gate and install a passable culvert to allow fish passage into the creek. 
LWD would be added to the existing channel and riparian vegetation would be rehabilitated 
where it is currently lacking. 

Meridian Valley Creek. The goal is to provide fish passage, improve instream habitat, and to 
provide a hydraulic connection between Soos Creek and existing wetlands. The project would 
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improve fish passage by abandoning the flume and constructing a new channel from SE 256th 
Street to Soos Creek. LWD would be placed and riparian vegetation would be planted, 

1 Lake Meridian Outlet Relocation. The project goal is to improve instream habitat and 
anadromous fish passage between Soos Creek and Lake Meridian, The project would construct a 
channel between Soos Creek and Lake Meridian. Construction would minimize the loss of 
existing wood and add LWD to the constructed channel. Excavated material would be removed 
from the site. Vegetation would be planted along the newly constructed channel. 

Olson Creek. The project goal is to provide summer rearing habitat for salmonids by enhancing 
tributary habitat. The proposed project would restore 1,500 feet of tributary channel habitat by 
excavating excessive quantities of material from the channel. The project would remove excess 
gravel load, install LWD, plant the riparian zone, and create a two-stage channel for low flow 
transport. Riparian plantings would take place within a 50-foot buffer on both sides of the 
channel. Unwanted vegetation would be removed prior to planting. LWD would be added to the 
existing channel. Coir fabric (similar to jute) would prevent erosion of the disturbed soil. 

Riverside Estates Side Channel. The project purpose is to provide summer rearing habitat and 
winter refigia. The proposed project would re-establish off-channel habitat through construction 
of a side channel slough. The channel would be excavated to groundwater elevation at summer 
low flow. The existing tide gate would be replaced’with a passable gate. Construction will 
include establishment of LWD in the new channel. Loss of existing wood will be minimized. 
Excavated material will be removed from the site. The proposed action will not increase flood 
elevations. 

Mainstem Maintenance. The project goals are to restore the natural meandering process of the 
river and to create salmonid rearing and refuge habitat. The proposed action involves setting back 
a levee to the edge of its former meander bend, removing an access road that crosses the meander 
bend, and excavating a downstream connection to the river. This would allow the river to 
reoccupy the meander bend. New bends would also develop downstream in response to flow 
deflection in the first bend. 

Porter Levee Setback. The goal of this project is to reconnect the river with about 45 acres of its 
flood plain. The project involves the removal of an existing training levee to provide more room 
for the river to meander, the placement of large woody debris and the planting of native riparian 
vegetation. To protect adjacent lands, a new 1,800 foot-long levee would be constructed along the 
toe of the Green River Valley Road, and a smaller 200-foot long levee would be constructed 
toward the upstream end of the property. 

Kaech Levee Pond. The goal is to provide salmonid rearing and storm refuge habitat by 
improving access to Kaech Pond. The project involves excavating a channel between the Green 
River and Kaech Pond, deepening the pond, and adding LWD. Riparian plantings would take _ 
place within a 50-foot buffer. Unwanted vegetation would be removed prior to planting. 

Ray Creek Trib Corridor. The project goals include the restoration and protection of the 
riparian zone and the creation of spawning, rearing and storm refuge habitat. The project would 
include easements and fencing boundaries. Riparian plantings would take place within a lOO-foot 
buffer width on both sides of the channel. Invasive vegetation would be removed and replaced 
with native riparian vegetation. The project would remove excess fine sediment where necessary. 

Hamikami Levee Modification. The project involves improving winter habitat by increasing 
the amount, duration, and quality of water in the old channel. There are two methods under 
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consideration. The first approach involves the excavation of the existing outlet at the ‘downstream 
end of the levee. This would cause backwater flooding of the old channel and provide winter 
refuge from floods, but there would be no flow through of surface water, except during floods. 
Perrodic maintenance dredging would be needed to remove sediment that would deposit at the 
channel outlet. LWD could be placed to help keep the channel outlet open. The second approach 
expands on the first approach by also creating a breach in the levee further upstream. This would 
allow flow through the channel (as opposed to backwater flooding) during ordinary winter flows. 
The breach should be created 450 feet upstream of the levee. 

Turley Levee Setback. The project goal is to provide additional side-channel habitat. Turley 
Levee is the middle of a series of three discontinuous training levees built in the early 1960s to 
prevent the Green River from migrating north into farmland. The levee was built at the river’s 
edge and a forested strip of lowland exists behind the levee that was previously occupied by side 
channels. Three alternatives are under consideration. The first approach involves improving fish 
access to the old channel behind the levee by excavating the outlet, installing LWD at the outlet to 
promote scour and keep it open, and possibly replace the twin 30-mch culverts with a bridge. The 
second approach expands on the tist approach by removing elevated portions of the levee down 
to the grade of the floodplain behind it. This would increase flows in the channel during floods, 
but probably not during ordinary winter flows. The existing riprap on the levee toe would 
continue to prevent northward channel migration, if maintained and repaired following flood 
damage. The third option expands on option two and includes the removal of the riprap that 
armors the levee down to the ordinary high water elevation and construct a setback revetment 
along the forest edge. If riprap were removed just along the downstream section, about 800 feet 
of revetment would be needed to prevent erosion of adjoining farmland to the west. Lfriprap were 
removed f%om the entire levee, an additional 900 feet of revetment would need to be constructed 
to protect farmland and barns to the north. This latter alternative would widen the functional 
meander belt by about 400 feet. 

Loans Levee Setback. The goals are to restore the natural meandering process of the river and to 
create increased side-channel habitat. The Loans Levee is a training levee built in 1960 to prevent 
the Green River from migrating north into farmland. The levee has gradually dampened channel 
migration activity for about half a mile downstream, resulting in a straighter channel with no 
recent formation of side channels. Two project alternatives are being considered. The first option 
would set back the levee to the edge (or near the edge) of the former meander bend, remove the 
access road that crosses the meander bend, and excavate a downstreatn connection to the river. 
This would allow the river to reoccupy the meander bend. The second option involves leaving the 
levee in place, but increasing winter flows in the former meander bend behind it by deepening the 
high flow connection to Burns Creek at the upstream end., removing the access road that crosses 
the meander bend, and excavating a downstream connectron to the river. 

Burns Creek Restoration. The goal of this project is to provide fish passage and improve 
instream habitat primarily by controlling the amount of sediment coming from Bell Ravine. The 
project includes planting the landslide area to reduce the delivery of sediments and the removal of 
channel constrictions (bridge replacements) to reduce deposition. 

Middle Green River LWD. The goal is to improve fish habitat by increasing the number and 
depth of pools, The project involves the placement and anchoring of LWD in the stream channel. 

Middle Green River Gravel Replacement. The project goall is to improve spawning habitat. 
The project involves the placement of 4,000 cubic yards of spawning gravel into the stream 
channel. 
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Flaming Geyser Landslide. The goal is to reduce the amount of fine sediment entering the river 
and protecting downstream spawning habitat. The project involves moving the river away from 
the sediment fan by constructing a new channel and a levee to prevent the river from returning to 
its former channel. 

Flaming Geysers Side ChanneI. The goal is to provide summer and winter rearing and flood 
refuge habitat. The project would construct approximately 2,100 feet of new side channel 
between an existing side channel and the Green River. The proposed new channel would start at 
the existing side channel about 200 feet from its downstream end. It would be excavated in a dry 
swale for $300 feet, then follow a small, seasonably dry channel that drains a wetland. Options 
being considered are (1) to split flow between the new constructed channel and the downstream 
end of the existing channel, or (2) divert all flow from the existing channel into the,new channel, 
thus reducing flow in (and possibly dewatering) about 200 feet of the existing channel. 

Newaukum Creek. The project goal is to create wetland habitat for rearing and refuge for 
juvenile salmonids, and to improve habitat complexity in Newaukum Creek. The project 
includes adding LWD to the existing channel, planting the riparian zone and adjacent wetlands, 
and fencing off the creek from livestock. 

Big Spring Creek. The goal of the project is to create wetland habitat to provide rearing and 
refbge for juvenile salmonids. The project would construct approximately 3,700 feet of new 
stream channel and include approximately 2,700 feet easement, buffer planting and fencing. The 
reach at 244th Avenue SE would be rechanneled. Riparian plantings would take place within a 
lOO-foot buffer width on both sides of the channel. Invasive vegetation would be removed and 
replaced with native riparian vegetation. 

Brunner Slough. The project goal is to improve salmonid habitat in Brnnner Slough, Salmon 
habitat could be improved by increasing the flow of water through the slough, particularly during 
the summer rearing season. This would be accomplished by excavating the slough to below the 
water table. Excavation would occur in the portion of the slough where gravel could be 
encountered. The wetland in the downstream portion of the slough may also need to be excavated 
in order to achieve continuous flow through the slough to the river. Frequent maintenance may be 
needed to remove sediment deposits near the outlet of the slough and keep water moving through 
year-round. 

Upper Green River Side Channel Enhancement. The goal is to provide spawning, summer and 
winter rearing, and flood refuge habitat. The side channel would be enhanced by addition of 
LWD and spawning gravel, and by the creation of pool habitat though excavation and LWD 
placement. 

Upper Green River Gravel Replacement. The project goal is to enhance spawning habitat. The 
project involves the addition of 4,000 cubic yards of spawning gravel mto the stream channel. 

Gale Creek. The goal is to restore fish passage to the upper reaches of Gale Creek and Boundary 
Creek and to improve habitat upstream of the culvert, The project would replace the culvert with 
a 40-foot span bridge located next to the existing culvert. The,creek will be re-routed through the 
bridge with the natural channel gradient maintained. Spawning gravel will be placed upstream of 
the site. 

Boundary Creek. The goal is to restore fish passage to the upper reaches of Boundary Creek and 
to improve habitat upstream of the culvert. The project would replace the high water diversion 
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culvert with a bottomless arch of larger size (16-foot span and g-foot rise). ‘Spawning gravel will 
be placed for 100 feet upstream of the site. 

Sweeney Creek. The goal is to restore fish passage to the upper reaches of Sweeney Creek and to 
improve habitat upstream of the culvert. The project would replace the existing culverts with a 
3%foot span bridge. In order to 
over the existing 48-&h culvert. 

minimize creek channel re-routing, the bridge would be placed 
LWD would be placed in the channel for 100 feet upstream of 

the culvert. 

OIson Creek. The goal is to provide fish passage into the upstream reaches of Olsen Creek and 
improve habitat upstream of the culvert. The existing culvert would be replaced with a 
bottomless arch culvert of a larger size. LWD and spawning gravel would be placed in the 
upstream reach for 100 feet upstream of the culvert. 

May Creek. The goal is to provide fish passage into the upstream reaches of May Creek and 
improve habitat upstream of the culvert. The existing culvert would be replaced with a 
bottomless arch culvert of a larger size. Riparian plantings would occur within the approximately 
TOO-foot-wide Bonneville Power Administration corridor, 650 feet upstream of the culvert. LWD 
and spawning gravel would be placed in the upstream reach for 100 feet upstream of the culvert. 

Maywood Creek. The goal is to provide fish passage into the upstream reaches of Maywood 
Creek and improve habitat upstream of the culvert. The existing culvert would be replaced with a 
bottomless culvert adjacent to the existing culvert. The creek channel would be re-routed through 
the new culvert with the natural channel gradient maintained. The upstream riparian i;orridor 
would be vegetated to provide shading. LWD and spawning gravel would be placed in the 
upstream reach. 

Gold Creek. The goal is to provide fish passage to the upstream reaches of Gold Creek. A 
perched culvert would be removed and replaced with a bottomless culvert with an 1 g-foot span 
and a g-foot rise. LWD till be placed every 25 feet for 100 feet upstream of the culvert. 

Sunday Creek Riparian Planting. The project goal is to re-establish riparian vegetation along 
the stream corridor to enhance salmonid habitat Riparian plantings would take place within a 
100-foot buffer width on both sides of the channel. Invasive vegetation would be removed and 
replaced with native riparian vegetation. 

North East Creek. The goal is to provide fish passage to upstream habitat and to improve habitat 
for coho, steelhead, and cutthroat trout. The project would replace the culvert with a bridge at a 
location to the west of the existing culvert and divert the stream by meandering a bypass channel 
to the confluence with Snow Creek. LWD and spawning gravel would be placed upstream of the 
existing culvert. 

Progtiammatic Elements. The goals are to improve habitat for fish and wildlife in and/or near 
the stream channel and to restore the natural processes and functions of streams and riparian 
corridors. The proposed elements include the addition of gravel and LWD, and plantings within 
the riparian zone and wouId be implemented as part of the renovation or repair of existing levees, 
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Agency Responses to the Draft Coordination Act Report 
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.- APPENDIXB 

LETTERS FROM 
LOCAL CONSTITUENTS 



August 14,200@ 

Mr; Patrick Cagney 
Environmental Resources Section 
U.S. Army Corps of Engineers 
4735 East Marginal Way S. 
P.O. Eox 3755 
Seattle, Washington 98 124-3755 

F!E: Draft Progrxnmatic EIS GreenlDuwamish River BasinRestoration Program 

Dear Mr. Cagney : 

The Drafi Programmatic Environmental Impact Statement and Draft Restoration 
Plan, Green/Duwamish River Basin Restoration Program, 3une,2000 has been 
reviewed. The City of Kent supports the preferred alternative. The City of Kent is 
pleased with the high quality of effort and professionalism that the Corps staff has 
displayed throughout this project. The GreetVDuwamish Ecosytem Restoration 
Program, is vital to the regional efforts to restore and manage this great natural 
resource. The City of Kent is committed to support this effort. Piease contact sne 
at (253) 856-5548 if your have any questions. 

Sincerely, 

William S. Wolinski,P.E., Manger 
Environmental Engineering Section 

Cc: Don E. Wickstrom 
Gary Gill 

. ‘, ’ 
.” 

I, ‘I 

TClTAL P.02 



CLsrles A. Boot 

September 18,200O 

Colonel Ralph Graves, Commander 
US Army Corps of Engineers 
Seattle District 
PO Box 3755 
Seattle WA 98124-2255 

Dear Colonel Graves: 

The City technical staff have completed the review of the Green River Eco-system Restoration 
Study EIS. At this time no technical comments that would improve the document were noted. 
The study, in the opinion of staff, accurately portrays the situation in the field for those portions 
of the study located with& the city. I have f&owed the study as a member of the 
Green/Duwarnish WRIA 9 Steering Committee and am familiar with the work that has been 
accomplished to date. 

The Steering Committee was established by the King County Executive to formulate a basin 
wide response to the listing of the Puget Sound Chinook. The committee membership represents - 
the major stakeholders in the basin and all meetings are open to the public and have been well 
attended. The committee has provided an excellent forum for obtaining public review and 
comment regarding the Corps’ study. Corps staff have done an excellent job of informing and 
involving the local interests, including property owners, that may be affected by proposed work. 
The study and the recommendations have received a high level of acceptance and support from 
the committee. The City of Auburn would like to compliment the District for a job well done, 
and we look forward to working with the Corps and other jurisdictions within the basin to 
implement recommended improvements. 

Please continue to keep us informed regarding your progress, and let us know if there is any 
assistance the City can provide to facilitate your work towards implementation of study 
recommendations. 

Sincerely, 

Charles A. Booth 
Mayor 

c:haydr\letter\OO-Colonel Graves-91 S.doc 



Qty of Tukwila Steven M. Mullet, My .. 

Department ofPublic Works James I? Morrow, RE., Director 

September 22,200O 

Mr. Noel GilbroughIPlanning Branch 
US Army Engineer District, Seattle 
PO Box 3755 
Seattle, WA .98234-3755 

-.-._ _- 

Dear Noei: 

With the completion of the Draft GreeniDuwamish Ecosystem Restoration Study, the 
City of Tukwila would like to express our thanks and appreciation to the Army Corps for 
your outstanding efforts in this process. We are aware of the many challenges that you 
faced to bring this multi-project, multi-jurisdictional effort to this point; 

We look forward to working with you and your staff on the next phase and the eventual 
construction of these vital habitat projects. 

Sincerely, 

yg4&g;- 

ky ‘D. Larson, P.E. 
s/“” enior Engineer 

I 

6300 Southcenter Boulevard, Suite #IO0 l Tukwila, Washington 98188 l Phone: 206-433-0179 l Fax: 206-431-3665 



CITY OF -RENTON 
Mayor 

Jesse Tanner 

. 

September 27,200O 

Colonel Ralph eaves, Commander. 
U.S. Army Corps of Engineers 
Seattle District’ 
POBox3755’ 
Seattle, WA 98124-3755 

SUBJECT: LOCAL SUPPORT FQR TElE ECOSYSTEM Rl$STORATION STtUTIY 

Dear Commander Graves: 

This letter is sent to you in appreciation for the Corps’ efforts to successfully complete the 
Feasibility Phase of the Green/‘Duwamish River Bask Ecosystem Restoration Study (ERS). As 
one of the lead agencies responsible for the Green/Duw&nish Feasibility Report, the Corps has 
been very responsive in addressing the needs of the local spoqfors. Specifically, coordination by 
the Corps with the reprksen@tive.cities, local property otiers and businesses, and the 
Muckleshodt Indian Tribe, has resulted in identification of h&tat r&ration projects that, when 
completed, will greatly improve the region’s fisheries rqsogces. 

“,r’ 
The Corps has made every 

effort to listen and be responsive to all the locaL st&eholders and to ahcorporate recommended 
irnproveq~n.~.~o m&ny’ofth&.project& : :’ : A .’ 

.’ :.:: . -. 

With thi F&aiil$liG Phase of the study almost complete, the City of Renton ldoks forward to 
working with the Corps on &e Planning, Engineering &d Design Phase. ‘I’m confident the 
successful and productive partnership that exists between the City of Renton’and the Corps will 
continue as projects move into the construct+ phase of the ERS; 

: 

For any tiher assistance regarding this matter, please contact Ron Straka, Utility Supervisor, at 
425-430-7248. 

Jesse Tanner 
Mayor 

00-I 18fRS:mp 

cc: Jay Covingto~ 
Gregg Zimmerman 
Ron Straka 

‘, ,;Allen Quynn . . * 

,’ ,‘, :: ., 
.’ 

.’ 

: 
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MUCKLESHOOT INDIAN TRIBE 

39015 172nd Avenue S.E. l Auburn, Washington 98092-9763 

Phone:. (253) 939-3311 l Fax: (253) 939-5311 

21 September 2000 

Cal. Ralph Graves, District Engineer 
US Army Corps of Engineers 
4735 East Marginal Way S 
P.O. Box 3755 
SeattIe, WA 98 124-3755 

RE: GREEN/DTJWAMISH RIVER BASIN RESTGRATION PRGGRAM 

Dear Col. Graves: 

The US Army Corps of Engineers is proposing to embark upon an ambitious plan to restore 
ecosystem function and structure in the Green/Duwamish River basin. The outcome of this plan will 
be a measurable increase in both the quality and quantity of fish and wildlife habitat in the 
G-reenLDuwamish Basin. The Muckleshoot Indian Tribe Fisheries Department supports the Corps’ 
efforts to implement the restoration projects described in the GreenLDuwamish Basin Restoration 
,Program. Implementation of these projects will be a major step in the actions required to restore 
salmon habitat in the GreenDuwamish River. 

The Fisheries Department for the past several years has participated in the on-going 
development of the restoration program. Though the Tribe was not a financial contributor to the 
Ecosystem Restoration Study, the Tribe has been involved in the program by other means. This 
involvement included staff participation in project selection and ranking, participation in many 
meetings throughout the reconnaissance and feasibility phases, and the opportunity for early review 
of conceptual designs. The involvement of the Fisheries Department in this process is illustrated by 
the inclusion in the restoration program of several restoration projects proposed by Fisheries 
Department. 

We hope to be involved in all other future aspects of the Restoration Program and look 
forward to an early finalization of project. designs during the Planning, Engineering, and Design 
phase, so that these projects can be implemented throughout the G-reen/Duwamish Basin. 

Comments from the Tribe’s Cultural program are being sent in a separate letter. 

lf you have any questions regarding this please feel free to contact me at (253) 939-3311. 

Muckleshoot Fisheries Department 



FISHERIES DEPARTMENT 
Area Code:(360) 

394-5248 
Fax 598-4666 

. 

THE SUQUAMISH TRIBE 
P.O. 50x 498 

October 5,ZOOO 

US Army Engineer District, Seattle 
ATTN: Noel G-ilbrougW Planning Branch 
PO Box 3755 
Seattle, WA 98124-3755 

De= PJr ~~br~qh, 
..:,.. .;: . . . :‘.. 

Suquamish, Washington 98392 

. . .; : 

Th,ank you for providing the Draft Feasibility Report for the Green Duwamish River 
Ecosystem Restoration Study to the Suquamish Trrbe. The Green Duwamlsh Krver 
Ecosystem includes resources the Tribe reserved the right to wrth the Treaty of Point 
Elliott. The marine portions, up to the Spokane Street Bridge are squarely within usual 
and accustomed fishing area of the Suquamish Tribe. The resources present within these 
waters, including migratory species, are economically and culturally important to the 
Tribe. The Tribe has been fishing in Elliott Bay .since before record, and has been co- 
managing fisheries within Elliott Bay and the Duwamish since 1976. 

The Tribe looks forward to working with the US Army Corps of Engineers in fmalizing 
and implementing this plan. Specifically, the Tribe requests to be included in the 
Programmatic Agreement proposed for cultural and historic resources. This is referenced 
on page 5-1.2. The Tribe appreciates coordination on natural resource management as 
well. The Tribe supports only those projects that improve ecological conditions. 

: - : 

Tha& you for your consideration of these comments, I can be reached at 360-394-5249 
or by e-mail at pmevers@suauamish.nsn.us. 

c “A ..,A.1 U&ibwL y&y, 

Phyllis S, Meyers 
Environmental Program Manager 
Suquamish Fisheries Department 

. . i : 

c’i: 1 Rob Purser, Fisheries Director : 



United States Department of the lknterior 

FISH AND WILDLIFE SERVICE 
Western Washington Office 

5 10 Desmond Drive SE, Suite 102 
Lacey, Washington 98503 

Phone: (360) 753-9440 Fax: (360) 753-9008 

SEP 13 2000 

Colonel Ralph H. .Graves, District Engineer 
U.S. Army Corps of Engineers, Seattle District 
PO Box 3755 
Seattle, Washington 98 124-3 75 5 

Attn: Mr. Patrick Cagney, Environmental Resources Section 

Re: Fish and Wildlife Coordination Act report for the Stillaguamish River Basin Restoration 
Program, Snohomish County, Washington 

Dear Colonel Graves: 

Enclosed are four copies of our Fish and Wildlife Coordination Act report on the Stillaguamish 
River Basin Restoration Program It is being provided under the provisions of the Fish and 
Wildlife Coordination Act (48 Stat. 401, as amended; 16 U.S.C. 661, efseq.).and fulfills Section 
2(b) of this Act. 

We strongly support the Corps of Engineers’ approach for restoring fish and wildlife habitat 
within the Stillaguamish River Basin and believe the proposed actions have the potential to 
result in significant long-term benefits to many species of fish and wildlife, including federally 
listed species. As described in the report, there are a few outstanding issues that remain to be 
worked out during the advanced engineering and design phase of the project. We look forward 
to working with you and your staff. 

Copies of our report are being provided concurrently to the appropriate resource agencies and 
Stillaguamish Indian Tribe. 

Sincerely, 

P- Gary A. Jackson, Manager 
Western Washington Office 



State of Washington 
DEPARTMENT OF Fl$H AND WILDLIFE 

Mailing Address: 600 Capitol Way N l Olympia, WA 98501-1091 l (360) 9022200, TDD (330) 902-2207 
Main Office Location: Natural Resources Building l 1111 Washington Street SE g Olympia, WA 

May 12,ZOOO 

Mr. Gerry Jackson, Manager 
United States Department of the Interior 
Fish and Wildlife Service 
5 10 Desmond Drive Southeast, Suite 102 
Lacey, Washington 98503 

Dear Mr. Jackson: 

Thank you for providing a copy of your draft Fish and Wildlife Coordination Act report on the 
proposed program for our review and comment. 

The Washington Department bf Fish and Wildlife (WDFW) also strongly supports the approach 
of the proposed restoration project. We do, however, have a stronger confidence that unresolved 
questions about design details of some of these projects will be resolved prior to their 
construction. These details must be worked out and approved to satisfy the requirements for 
obtaining the necessary Hydraulic Project Approvals (HPA) from WDFW. 

The Department also agrees with your statement on page 16 that the compliance and 
effectiveness monitoring plans for these projects need to be very detailed and very thorough. 
The HPA process sho.uld help in this regard as well. 

i 

Your staffhas done an excellent analysis of the restoration program. 

JPK:TM:cf 
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1,O INTRODUCTION 

1.1. Real Estate Plan Purpose 
The Real Estate Plan is presented in stlpport of Green/Duwa&sh River Basin Ecosystem 
Restoration Study and describes the real estate required to evaluate 47 sites and 
programmatic measures within the Green River Basin.. The purpose of the real estate 
plan is to: 1) identify the lands, easements and rights-of-way and disposal areas (LERD) 
necessary to support construction, operation and maintenance of the project sites 
contained in the ecosystem feasibility report; 2) to outline the costs and real estate 
considerations associated with project implementation; and 3) to assess the Non-Federal 
Sponsor’s (NFS) capability for LERD acquisition. For purposes of this plan, King 
County, Washington is the Non-Federal Sponsor. 

Separate Prelimintiry Restoration Reports are also being developed for the Codiga F-s 
Site and Sweeney Creek Site. Once these sites are approved for implementation under 
the Corps’ Continuing Authority Program, they will be removed from the general 
investigation implementation process. 

1.2 General Project Description 
The Green/Duwamish River Basin Ecosystem Restoration Study was initially authorized 
by Congress in 1995 as a General Investigation Study under Section 209 of Public Law 
(PL) 87-874, Puget Sound and Adjacent Waters. Following completion of the 
reconnaissance phase in 1997, a Feasibility Cost Charge Agreement and Study Plan was 
negotiated and agreed upon by the Corps and King County. The feasibility phase began 
in 1998. As part of the cost-sharing agreement, the County agreed to prepare the real 
estate drawings and perform the real estate appraisal work products as part of their work- 
in-kind contributions. 

1.3 Specific Feasibility Study Objectives: 

The objective of the feasibility study is restoration of fish and wildlife habitat that was 
lost as a result of human activities throughout the watershed. The overall goal of the 
project is to restore diverse and sustainable riverine and stream habitats within the study 
area. The project focuses on restoring estuarine, salmon spawning, juvenile rearing and 
over wintering habitats and rehabilitation tributaries. 

1.4 Reconnaissance Report 

The recbrmaissance report for the proposed federally assisted ecosystem restoration 
project was approved March 1997. The reconnaissance report contained over fifty 
potential site-specific restoration projects throughout the basin. 

2.0 PROJECT LOCATION 

There are 47 specific site or programmatic measure locations situated $om the south 
Seattle industrial area through Renton, Kent, and Auburn, following the Green and 
Duwamish Rivers through the Green River Valley. Within these locations there is a total 
of 103 individual sites with the following programmatic measures having multiple sites. 
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l Mainstem Maintenance has 6 separate sites. 
l Middle Green Large Woody Debris has 48 individual sites. 
l Middle Green River Gravel Replacement has 4 separate individual sites. 
l Upper Green River side Channel Enhancement has 2 individual sites. 

All 103 individual project sites are being addressed in the Real Estate Plan (REP). See 
Figure 2,3 and 4 of the main report for project site locations. 

3.0 GENERAL PROJECT DESCRIPTIOK 

The GreenIDuwamish River Basin Ecosystem Restoration Project involves 
approximately 1,464.64 acres of land and approximately 273 ownerships for initial 
construction of all 47-restoration projects discussed in this plan. See Section 5 of this 
plan for a real estate description by project. The implementation of these 47 sites will 
address most of the limiting factors to fish and wildlife production in the basin. The 
project sites will be constructed in the estuary to address the lack of estuarine habitat, in 
the lower river to address the loss of channel diversity and increased water temperature, 
the tributaries to address barriers to fish passage, the middle river to address the loss of 
floodplain habitat and increased water temperatures, and programmatically to addres,s the . 
reduction of large woody (LWD) debns, sedimentation sources and lack of riparian 
habitat. Detailed site descriptions are available in the Engineering Appendix. 

4.0 ACCESS TO PROJECT SITES 

Access to the project sites is generally by existing public access unless otherwise noted. 
The sites listed below are located within the City of Tacoma Public Utilities municipal 
watershed, (hereinafter referred to as the Tacoma Public Utilities (TPU) area). The 
County will need to obtain a non-exclusive right of access over and across the existing 
access roads to each site listed below unless otherwise noted in the site description. See 
Sheets 1 and 2 in Exhibit A of the report for the approximate location of the sites and 
access to the sites. The road area includes approximately 103.76 acres with an estimated 
value of $77,800. 

Project Sites located within TPU watershed area: 

Gale Creek 
Sweeney Creek 
Olsen Creek 
May Creek 
Maywood Creek 
Gold Creek 
Northeast Creek 
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5.0 DESCRIPTION OF LANDS, EASEMENTS AND RIGHTS OF WAY (LER) BY 
SITE 

5.1 Big Spring; Creek 

Big Spring Creek is located within the Newaukum Creek basin on the northern boundary 
of the Enumclaw plateau northwest of Enumclaw. Big Spring Creek is part of a 
depositional area created by the Osceola Mudflow originating from a past eruption of Mt. 
Rainier. The existing remnant of plateau wetland complexes today is highly disturbed 
pastures heavily grazed by livestock. The total wetland area has also been reduced in size 
through agricultural modification that has included filling, ditches, and draining. The 
project restoration goals are to restore salmonid habitat complexity and process-based 
ecological functions by recreating a diverse riparian corridor along Big Spring Creek, 
addressing wetland attenuation and wetland native plant diversity on the Enumclaw 
plateau. 

The Big Spring Creek site consists of a total of 14.90 acres. See Exhibit A of this plan 
for the project site footprint. For construction, operation and maintenance of this site, the 
NFS will need to acquire approximately 14.90 acres of land in fee with an estimated 
value of $68,250. The majority of the land in this area is zoned agriculture. There are 
approximately 7 private ownerships within the project site. This site involves stream 
relocation with 100 feet of new creek bed. The NFS will need to acquire lands for the 
new creek bed and buffer areas along the creek. Access to the site is from existing public 
roads. All staging will take place within the project footprint. The disposal material will 
be taken to the Seattle Tacoma-Airport third runway construction site and a commercial 
site. See Table 17-A, Baseline LER Cost Estimate Summary for total estimated real 
estate costs for this site. 

5.2 ‘Black River Mash 

The location of this site is in the city of Renton, just down river’fiom the Black River 
Pumping Plant in Fort Dent. This project is at the confluence of the Green River and the 
Black River. The project restoration goals are to provide primary productivity/nutrient 
export to the surrounding system and allow juvenile salmon and trout access at higher 
tide for fish refuge and feeding. The goal of the riparian planing is to provide habitat 
connectivity and a buffer from local disturbance. Water quality benefits should also be 
realized once the vegetation has matured in the form of shading (to help keep in-stream 
temperatures down) and filtration of runoff from adjacent land uses. 

The Black River Marsh site currently involves a total of 4.86 acres. The NFS currently 
owns 0.18 of an acre and will need to acquire an additional 4.68 acres for construction, 
operation and maintenance of this site. See Exhibit A of this plan for the project site 
footprint and the Table below for a summary of property interest and land values by 
estate. The land zoning in the proposed project area is a mix of industrial, commercial 
and low density residential. There are 6 ownerships within the project footprint that 
consists of a mix of public, private and NFS land holdings. This site involves creating 
50-foot buffers on both sides of the river. The NFS plans on acquiring 4.53 acres 
environmental easement and 0.15 acres for 2 permanent access easements to the project 
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site. All staging will take place within the project footprint. The disposal material will 
be taken to the Seattle Tacoma-Airport third runway construction site. Acquisition of a 
disposal site is not necessary. For LER crediting purposes the lands already owned by 
the NFS will be based on federal appraisal principles for determining fair market value. 
The requirement for a formal crediting appraisal will most likely be waived because of 
the size of the NFS’s parcel. 

r 

ESTATES 
Fee 
Environmental 
Easement 

ACRES 
0.18 

4.53 

ESTIMATED FAIR 
MARKETVALUE 

Nominal 

$54,000 
Permanent Access 
Easement 0.15 $ 5,000 
TOTALS 4.86 $59,000 

5.3 Brunner SIowh 

The Brunner Slough Site is located in unincorporated King County at about river mile 58 
on the Green River up stream of Kanasket and Palmer. In this reach the river is confined 
by a levee and bank stabilization projects, and significant development. The project site 
is adjacent to urban and industrial development. The goal of this project is to provide 
off-channel winter and summer rearing habitat for a variety of salmon and trout 
(Chinook, Coho, chum, steelhead and char). There is also some potential for chum 
spawning in the restored slough. 

This Brunner Slough site currently involves a total of 16,lO acres. The NFS needs to 
acquire 15.10 acres in fee from 5 private property owners and a l-acre staging area for 
construction, operation and maintenance of this site. See Exhibit A of this plan for the 
project site footprint and the table below for a summary of property interest and land 
values by estate. Access to the site is from an existing pubic road - SE Hudson Street. 
Disposal of material is on site and within the project footprint. The land in the project 
area is rural residential construction site. See Table 17A, Baseline LER Cost Estimate 
Summary for total estimated real estate costs for this site.. 

ESTIMATED FAIR 
ESTATES ACRES MARKET VALUE 

Fee 15.10 $30,500 
Temporary Work Area 
Easements 1.00 $ 7,500 
(5 ye4 
TOTALS 16.10 $38,000 
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5.4 Burns Creek 

Burns Creek joins the Green River on the right-bank at rive mile 38, at the upstream end 
of the Lones Levee. Bums Creek is approximately 2.1 milei long and flows along the 
north side of Southeast Green Valley Road, roughly parallel to the Green River. The 
project restoration goals are to enhance salmonid habitat in Bums Creek and reduce 
property damage associated with flooding and channel aggradation, 

This Bum Creek site currently involves a total of 24.27 acres; and approximately 14 
private ownerships. The NFS needs to acquire 22.00 acres permanent environmental 
easement, 1.27 acres permanent access easement for construction, operation’and 
maintenance of this site. A l-acre temporary staging area is needed during the period of 
construction. See Exhibit A of this plan for the project site footprint and the table below 
for a summary of property interest and land values by estate. Disposal material will go to 
a commercial site. The land in the project area is zoned as rural residential and 
agricultural. See Table 17-A, Baseline LER Cost Estimate Summary for total estimated 
real estate costs for this site. 

I I ESTIMATED FAIR 
ESTATES ACRES MARKET VALUE 

Permanent 
Environmental 
Easement 
Permanent Access 
Road Easement 
Temporary Work Area 
Easements (5 years) 
TOTALS 

22.00 $435,000 

1.27 $ 1,600 

1.00 $3,800 
24.27 $440,400 

5.5 Codiga Farms 

The Codiga Farms site is located in the city of Tukwila near 50th Place South and South 
1 30th Place. Currently a farm and a pea patch occrtpy the site. The purpose of the project 
is to restore tidal hydrology to the Codiga Farm site. The goal of the project is to restore 
tidal hydrology to the site in the form of a slough. The slough will provide rearing and 
feeding habitat for juvenile fish. Also a fringing estuarine marsh will be planted at the 
site providing primary productivity and nutrient export. 

The Codiga Farms site currently involves a total of 3.4 acres of land. See Exhibit A of 
this plan for the project site footprint. The NFS will need to acquire 3.4 acres 
environmental easement for construction, operation and maintenance of this site. The 
environmental easement for this parcel has an estimate value of $118,000. The land in 
this area is zoned low density residential. There appears to be two public owners within 
the project footprint - City of Tukwila and State of Washington, Department of Natural ‘. 
Resources. Temporary staging will take place within the project footprint. Existing 
public access to the site is available. The disposal material will be taken to the Seattle- 
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Tacoma Airport third runway construction site. See Table 17-A, Baseline LER Cost 
Estimate Summary for total estimated real estate costs for this site. 

5.6 Duwamish Site 1 

Duwamish Site 1 is located on the east bank of the Duwamish River just north of South 
1 12th Street in the city of Tukwila, Washington. Historically, the lower Duwamish River 
was the setting of an expansive estuary with a complex mix of habitat types, including 
tide flats and intertidal wetlands, as well as various channel forms such as large. 
meanders, braided channels, and numerous tributary streams. The primary goal of the 
project is to restore important estuarine habitat within the lower Duwamish River, with 
the intent of enhancing salmonid habitat within the Green-Duwamsih River system as a 
whole. This will be accomplished by regrading the majority of the subject property to 
elevations that would be subject to regular tidal influence and inundation and connecting 
the area to the river via an inlet channel. 

Duwamish Site 1 site currently involves a total of 2.82 acres of land owned by one 
private ownership. See Exhibit A of this plan for the project site footprint. The NFS 
will need to acquire 2.82 acres of environmental easement for construction, operation and 
maintenance of this site. The environmental easement for this parcel has an estimate 
value of $993,000. The land in this area is zoned manufacturing. Temporary staging will 
take place within the project footprint. Existing public access to the site is available from 
South 1 12th Street. Approximately 90% of disposal material will be taken to the Seattle- 
Tacoma Airport third runway construction site and the remaining 10% will be taken to a 
hazardous material confinement site. See the following table for a summary of property 
interest and land values by estate. See Table 17.A, Baseline LER Cost Estimate Summary 
for total estimated real estate costs for this site. 

5.7 Elliot Bay Nearshore ’ 

The Elliot Bay Nearshore site involves all submerged lands in navigable waters. 
Washington State, Department of Natural Resources owns the submerged lands. See 
Exhibit A of this plan for the project site footprint. All construction, operation and 
maintenance of this site will be in water. Temporary staging will be at contractor’s yard 
and will be provided by the contractor. The estimated value of the 5.7 acres of 
submerged land is $3,000. See Table 17-A, Baseline LER Cost Estimate Summary for 
total estimated real estate costs for this site. 

5.8 Flamiw Geyser Side Channel 

The location of the Flaming Geyer Side Channel is on a gravel terrace just downstream of 
an existing wall based side channel within the Green R&er floodplain. The primary goal 
of the project is to construct additional side channel habitat within the Green River 
system in order to allow natural ecosystem processes to be re-established in the side 
channel riparian corridor. Project goals include creating a natural environment to 
enhance salmonid rearing within the side channel and create refuge wetland habitat. 
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The Flaming Geyser Side Channel site currently involves a total of 25.18 acres of land. 
See Exhibit A of this plan for the project site footprint. The NFS will need to acquire 25 
acres of environmental easement and 0.18 of an acre permanent access easement for 
construction, operation and maintenance of this site. The land in this area is zoned rural- 
residential, although a state park occupies all of the land. Washington State Parks owns 
the land within the project. Temporary staging will take place within the project 
footprint. Disposal material will go to,a commercial site. See the table below for a 
summary of property interest and land values by estate. See Table 17-A, Baseline LER 
Cost Estimate Summary for total estimated real estate costs for this site. 

ESTATES 
Environmental 
Easement 
Permanent Access 
Easement 
TOTALS 

ESTIMATED FAIR 
ACRES MARKET VALUE 

25.00 $250,800 
$ 1,200 

0.18 
25.18 $252,000 

5.9 Flaming Geyser Slide 

The Flaming Geyser Slide site is located on the south side of the Green River at 
approximately River Mile 43 just downstream of Flaming Geyser Park. The basic goal of 
this project is to eliminate a large source of fine sediment from this reach of the river. 
There is also an additional goal of improving the success of downstream spawning and 
juvenile habitat. 

The NFS owns the 10.15 acres of land need for construction, operation, maintenance and 
access to this site. See Exhibit A of this plan for the project site footprint. The land in 
this area is zoned as rural residential, althoughmuch of the land appears to be 
encumbered by steep slopes and riverbanks. Temporary staging will take place within 
the project footprint. Excess disposal material will be taken to the Seattle-Tacoma 
Airport third runway construction site. See the following table for a summary of property 
interest and land values by estate. See Table 17-A, Baseline LER Cost Estimate 
Summary for total.estimated real estate costs for this site. For LER crediting purposes 
the lands already owned by the NFS will be based on federal appraisal principles for 
determining fair market value. 

ESTIMATED FAIR 
ESTATES ACRES MARKET VALUE 

Fee 10.00 $126,000 

Permanent Access 
Easement 
TOTALS 

0.15 $ 1,000 

10.15 $127,000 
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5.10 Gale Creek 

The Gale Creek site is a perched culvert located on Road 5530 at milepost 11.5. Gale 
Creek is a tributary to the Green River. The culvert is approximately 3,100 feet upstream 
of the confluence with the Green River. The project restoration goals are to eliminate the 
perched culvert conditions and allow fish passage into the upstream reaches of Gale 
Creek and Boundary Creek. 

The Gale Creek Culvert site currently involves a total of 0.63 of an acre of land located in 
the City of Tacoma watershed that is closed to the public and has controlled access. See 
Exhibit A of this plan for the project site footprint. Land zone in this area is forest with 
the existing use as forest. This site is on lands owned by the City of Tacoma. The NFS 
will need to acquire 0.33 of an acre permanent environmental easement for culvert 
rehabilitation, operation and maintenance, and .30 acres for a temporary work area 
easement.to temporarily relocate the road during the construction period. while the 
culvert is being rehabilitated. See Exhibit A of this plan for the project site footprint. 
The culvert lies beneath an existing access road that is jointly used by property owners in 
the watershed. The NFS will need to acquire a non-exclusive right over and across the 
existing road in the TPU watershed. See paragraph 4.0 of this report for further 
discussions on roads within the TPU area. A disposal site is not necessary. Material will 
be reused on site. See the table below for a summary of property interest and land values 
by estate. See Table 17-A, Baseline LER Cost Estimate Summary for total estimated real 
estate costs for this site. 

ESTIMATED FAIR 
ESTATES ACRES MARRETVALUE 

Environmental 0.33 $ 300 
Easement 
Temporary Work Area 0.30 $4,000 
Easement 
(18 months) 
TOTALS 0.63 $4,3 00 

5.11 Garrison Cheek 

The Garrison Creek project encompasses four project sites. The project sites are located 
in the city of Kent and are named the South 218” wetland site, Southeast 216 Street slide 
stabilization/drainage control site, Middle Fork sediment removal/channel restoration 
site, ad the 167fh culvert replacement site. The primary goals of this project are to restore 
and enhance salmonid habitat within Garrison Creek using natural habitat elements and 
ecosystem-based processes. This will be accomplished by restoring a more natural 
stream channel that provides riparian functions for fish habitat in low-flow and high-flow 
regimes, re-establishing reliable fish access to the upper reaches of the Middle Fork, and 
rehabilitating the existing channel to provide rearing and refuge habitat for salmonid 
species. 
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The Garrison Creek site currently involves a total of 19.78 acres of land. See Exhibit A 
of this plan for the project site footprint. The NFS will need to acquire 2.09 acres in fee; 
16.80 acres environmental easement; and 0.89 of an acre permanent access easement for 
construction, operation and maintenance of this site. The land in this area is zoned 
primarily single-family residential. There are 18 ownerships within the project footprint 
that consists of a mix of public and private land holdings, Temporary staging will take 
place within the project footprint. A commercial disposal site will be used. See the table 
below for a summary of property interest and land values by estate. See Table 17-A, 
Baseline LER Cost Estimate Summary for total estimated real estate costs for this site. 

ESTIMATED FAIR 
ESTATES ACRES MARKET VALUE 

Fee 2.09 $ 77,000 

Environment al 
Easement 
Permanent Access 
Easement 
TOTALS 

16.80 $261,500 

0.89 $ 19,500 

19.78 $358,000 

5.12 Gilliam Creek 

The Gilliam Creek project site is located in the city of Tukwila, Washington, at the 
confluence of the Gilliarn Creek and the Green River at River Mile 12.5. The confluence 
of the Gilliam and Green Rivers can be found east of the I-405 ad I-5 interchange, near 
south Center Mall’s north entrance. The site extends approximately 2000 feet upstream 
along Gilliam Creek. The project restoration goal is to eliminate present fish barriers and 
improve approximately 2000 feet of Gilliam Creek to provide for enhanced winter 
rearing and spawning salmonid habitat while maintaining the current level of flood 
protection to the regional area. 

The Gilliam Creek site currently involves a total of 4.4 acres of land owned by the City of 
Tukwila. See Exhibit A of this plan for the project site footprint. The NFS will need to 
acquire 4.2 acres of environmental easement for construction, operation and maintenance 
of this site. An additional 0.20-acre temporary work area is needed during the 
construction period. The land in this area is zoned primarily commercial. A commercial 
disposal site will be used. See the table below for a summary of property interest and 
land values by estate. See Table 17-A, Baseline LER Cost Estimate Summary for total 
estimated real estate costs for this site. 
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ESTIMATED FAIR 
ESTATES ACRES MARKET VALUE 

Environmental 4.20 $48,400 
Easement 
Temporary Work Area 0.20 .$’ 600. 
Easement (18 months) ’ 
TOTALS 4.4 $49,000 

5.13 Gold Creek 

The Gold Creek site is a perched 84-inch, 80-foot long corrugated metal pipe located 
under road 3703 at milepost 24.75 and lies next to a concrete culvert of 54-inch diameter. 
The existing stream channel width is approximately 10 to 14 feet wide. Gsld Creek is a 
tributary to the Green River. The project restoration goal is to eliminate the perched 
culvert conditions to allow for fish passage in the upstream reaches of Gold Creek. The 
habitat upstream of the culvert would be improved with the addition of large woody 
debris for approximately 100 feet. 

The Gold Creek Culvert Projects site currently involves a total of 0.57 of an acre of land 
located in the City of Tacoma watershed that is closed to the public and has controlled 
access. See Exhibit A of this plan for the project site footprint, Land zone, in this area is 
forest with the existing use as forest. This site is on lands owned by the City of Tacoma. 
The NFS will need to acquire 0.27 of an acre permanent environmental easement for 
culvert rehabilitation, operation and maintenance; and 0.30 acres for temporary road 
relocation while the culvert is being rehabilitated. See Exhibit A of this plan for the 
project site footprint. The culvert lies beneath an existing access road that is jointly used 
by property owners in the ,watershed. The NFS will need to acquire a non-exclusive right 
over and across the existing road. See paragraph 4.0 of this report for further discussions 
on roads within the TPU area. A separate disposal site is not necessary. Material will be 
reused on site. See the table below for a summary of property interest and land values by 
estate. See Table 17-A, Baseline LER Cost Estimate Summary for total estimated real 
estate costs for this site. 

ESTIMATED FAIR 
ESTATES ACRES MARKETVALUE 

Environmental 
Easement 
Temporary Work Area 
Easements 
(1 year> 
TOTALS 

0.27 $ 200 

0.30 $7,500$ 

0.57 $7,700 
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5.14 Green River Park 

This project site is located within the Green River Park in the city of Kent, Washington, 
at the end of Hawley Road near River Mile 23.7. The site extends approximately 600 
feet due east from the riverbank. The project restoration goals are to provide summer 
rearing habitat at the mouth and establish a backwater winter channel refuge for fish 
during high/flood flows in the mainstem of the Green River. 

The Green River Park site currently involves a total of 3.56 acres of land owned by two 
public owners. See Exhibit A of this plan for the project site footprint. The NFS will 
need to acquire 2.44 acres environmental easement, and 0.12 of an acre for a permanent 
access road easement for construction, operation and maintenance of this site. An 
additional l-acre temporary work area easement is needed during the period of 
construction. The land in this area is zoned as manufacturing and agriculture. The 
disposal material will be taken to the Seattle-Tacoma Airport third runway construction 
site. See the table below for a summary of property interest and land values by estate. 
See Table, 17-A, Baseline LER Cost Estimate Summary for total estimated real estate 
costs for this site. 

ESTIMATED FAIR 
ESTATES ACRES MARKET VALUE 

Environmental 2.44 $ 89,000 
Easement 
Permanent Access 0.12 $ 2,600 
Easement 
Temporary Work Area 1 .O $ 13,200 
Easements (3 years) 
TOTALS 3.56 $104,800 

5.15 Hamikami Levee Breach 

The Hamikami Levee Breach is in the vicinity of an existing training levee at 
approximately River Mile 36. The proposed site is adjacent to existing croplands and a 
forested wetland that is landward of the training level. The primary goal of the project is 
to connect an existing forested wetland to the river to allow it to be used for fish habitat, 
and creating a natural environment to enhance salmonid rearing within the forested 
wetland created refuge wetland habitat. 

The Hamikami Levee Breach site currently involves a total of 3.20 acres of land owned 
by one public and one private owner. See Exhibit A of this plan for the project site 
footprint. The NFS will need to acquire 1.4 acres environmental easement and 1.8 acres 
for a permanent access for construction, operation and maintenance of this site. The land 
in this area is primarily agricultural. Temporary staging will take place within the project 
footprint. Disposal of material will be on site. See the table below for a summary of 
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property interest and land values by estate. See Table 17-A, Baseline LER Cost Estimate 
Summary for total estimated real estate costs for this site. 

. 

I ESTIMATED FAIR 
ESTATES 

Environmental 
Easement 
Permanent Access 
Easements 

ACRES MARKET VALUE 
.!’ 

1.40 $ 9,000 

1.80 $ 7,000 

1 TOTALS 
t 1 

t 3.20 1 $16.000 I 

5.16 Horsehead Bend Side Channel 

The Horsehead Bend side Channel site, name for a sharp meander on the Green River is 
located at River Mile 26. The site is located within the city of Kent, Washington, east of 
Central Avenue South and west of the intersection of 94th Place South and Green River 
Road. The project restoration goal is to provide a summer rearing area and to establish a 
refuge for fish during high flows in the mainstem of the Green River. This project will 
especially benefit Coho, emergent Chinook fiy, and fingerling rearing. 

The Horsehead Bend Side Channel site currently involves a total of 14.06 acres of land 
owned by the NFS and the city of Kent. See Exhibit A of this plan for the project site 
footprint. The NFS currently owns 11.90 acres and will need to acquire an additional 
2.16 acres permanent access easement for construction, operation and maintenance of this 
site. The land in this area is zoned agriculture. Temporary staging will take place within 
the project footprint. The disposal material will be taken to the Seattle-Tacoma Airport 
third runway construction site. See the table below for a summary of property interest 
and land values by estate. See Table 17.-A, Baseline LER Cost Estimate Summary for 
total estimated real estate costs for this site. 

ESTATES 
Fee 

Permanent Access 
Easement 

ESTIMATED FAIR 
ACRES MARKET VALUE 

11.90 $116,500 

2.16 $ 13,500 
I I 

TOTALS 1 14.06 1 $130,000 I 
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5.17 Keach Levee Pond 

This location of this site is on a gravel terrace just upstream of Nealy Bridge on the right- 
bank of the river. The primary goal of this project is to construct additional side channel 
habitat within the Green River system in’ order to allow natural ecosystem processes to be 
re-established in the side channel ripa&n corridor.- Project goals also include creating as 
natural environmental as possible to enhance salmonid rearing within the side channel 
and create refuge wetland habitat. 

The Keach Levee Pond site currently involves a total of 5.30 acres of land owned by the 
NFS and one private owner. See Exhibit A of this plan for the project site footprint. The 
NFS currently owns 2.4 acres and will need to acquire an additional 2.2 acres 
environmental easement; and 0.7 of an acre permanent access easement for construction, 
operation and maintenance of this site. The land in this area is zoned agricultural. 
Temporary staging will take place within the project footptit. The disposal material will 
be taken to the Seattle-Tacoma Airport third runway construction site. See the table 
below for a summary of property interest and land values by estate. See Table 17-A, 
Baseline LER Cost Estimate Summary for total estimated real estate costs for this site. 
LER crediting purposes the lands already owned by the NFS will be based on federal 
appraisal principles for determining fair market value.. 

ESTATES 
Fee 

ESTIMATED FAIR 
ACRES MARKET VALUE 

2.40 $30,000 

Environmental 
Easement 
Permanent Access 
Easement 

2.20 
$22,000 

0.70 $ 6,000 

i TOTALS 1 5.30 1 $58,000 

5.18 Lake Meridian Outlet 

The Lake Meridian Outlet site is located in the city of Kent, Washington, and includes 
the reach of Meridian Valley Creek from the concrete box culvert under SE 246* Street, 
through an approximate 1 00-foot long, rectangular, concrete flume near the confluence of 
Soos Creek. 

The Lake Meridian Outlet Site consists of 8.80 acres of land. For construction, operation 
and maintenzince of this site, King County will need to acquire approximately 8.80 acres 
of land from the city of Kent and Puget Sound Energy. See Exhibit A of this plan for the 
project site footprint. The land in this area is zoned medium density single-family 
residential. The NFS will need to acquire approximately 0.5 1 acres of streambed in fee; 
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8.19 acres environmental easement over parklands and 0: 1 of an acre permanent access 
easement for construction, operation and maintenance of the site. All staging will take 
place within the project footprint. The disposal material will be taken to the Seattle 
Tacoma-Airport third runway construction site. See the table below for a summary of 
property interest and land values by estate. See Table 17-A, Baseline LER Cost 
Estimate Summary for total estimated real estate costs for this site. 

ESTIMATED FAIR 1 

ESTATES ACRES MARKETVALUE 
Fee 0.51 $ 5,100 

Environmental 8.19 $108,700 
Easement 
Permanent Access 0.10 $ 4,100 
Easement 

~ TOTALS 8.80 s117,900 

5.19 Lones Levee 

The Lones Levee project site located approximately 1,000 feet south of the 17200 block 
of Southeast Green Valley Road and on the right bank of the Green River at about River 
Mile 38. The basic project goal of this site is to restore natural channel-migration 
processes that are consistent with present-day flow regimes attributable to the Green 
River. 

The Lones Levee Site consists of 30.45 acres of land. For construction, operation and 
maintenance of this site, the NFS will need to acquire approximately 30.45 acres of land. 
See Exhibit A of this plan for the project site footprint. The land in this area is zoned 
agricultural. There are approximately 3 private ownerships within the project site. The 
NFS’s plan is to acquire 27.4 acres in fee; 2.5 acres environmental easement; and 0.55 of 
an acre permanent access easement for construction, operation and maintenance of this 
site. All staging will take place within the project footprint, The disposal of material will 
be on site or taken to the Seattle Tacoma-Airport third runway construction site. See the 
table below for a summary of property interest and land values by estate. See 
Table 17-A, Baseline LER Cost Estimate Summary for total estimated real estate costs 
for this site. 
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ESTATES 
Fee 

Environmental 
Easement 
Permanent Access 
Easement 
TOTALS 

ESTIMATED FAIR 
ACRES MARKET VALUE 

27.40 $256,000 

2.50 $ !5,000 
:’ 

0.55 $ 2,000 

30.45 $273,000 

5.20 Lower Springbrook Creek 

The Springbrook Creek water supply watershed is located east of SR 167 and south of the 
city of Renton. The creek flows north and west across SR 167 to the Black River Pump 
Station. Portions of the Springbrook Creek are located within the city of Renton 
including the Lower Springbrook site. This reach of Springbrook extends from SR 167 
to upstream of the Black River Pump Station forebay. The project restoration site goal is 
to create a natural habitat for rearing and storm refuge. 

The Lower Springbrook Creek site currently involves a total of 55.15 acres of land 
located in the cities of Kent and Renton, Washington. See Exhibit A of this plan for the 
project site footprint. The NFS currently owns approximately 8.07 acres and will need to 
acquire an additional 46.85 acres of environmental easement for construction, operation 
and maintenance of this site. An additional 0.23 of an acre for a temporary work area 
easement is needed during the period of construction. The land in this area is primarily 
industrial and commercial, with a .few single-family residential. There are approximately 
30 ownerships within the project footprint that consists of a mix of public, private and 
NFS land holdings. Access to the site is from existing public roads. A commercial 
disposal site will be used for all disposal material. See the table below for a summary of 
property interest and land values by estate. See Table 17-A, Baseline LER Cost Estimate 
Summary for total estimated real estate costs for this site. 

F ESTIMATED FAIR 
ESTATES ACRES MARKETVALUE 

Fee 8.07 $ 880,000 

Environmental 
Easements 
Temporary Work Area 
Easement (11 years) 
TOTALS 

46.85 $2,085,000 

0.23 $ 55,000 

55.15 $3.020.000 
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5.21 Mainstem Maintenance 

Mainstem Maintenance currently consists of six sites that generally follow along the 
cities of Tukwila, Kent and Auburn’s Green River corridor. The primary goal of 
mainstem maintenance is to work with the NFS and Local Dike Improvement Districts 
for a lo-year period to implement more fish friendly bioengineer solutions to the annual 
maintenance problems on the Green River. It also includes opportunities to implement 
measures that will provide bank and levee protection as well as provide much needed. 
fish habitat. 

The six sites currently identified along the Green River Corridor involve a total of 140.30 
acres with an estimated value of $6,967,000. See Exhibit A of this plan for the project 
footprints of the six sites identified below. 

Boeing Setback and Restoration 
Carrot Patch Setback and Restoration 
Fenster Setback and Restoration 
Russell Road Upper Setback Restoration 
Russell Road Lower Setback and Restoration 
Russell Road Lowest Setback Restoration 

The zoning for the sites within the city of Kent’s Green River corridor consists of 
industrial and residential sites either owned by the City of Kent, Boeing, or Rockwall 
Industries. The Fenster Setback Site located along the Green River in the Auburn area 
consists of residential, and agricultural lands owned by the city of Auburn or private 
owners. For construction, operation and maintenance of all six sites, the NFS will need 
to acquire 76.40 acres in fee, and an additional 63.90 acres environmental easement. See 
the tables below for a summary of property values and estates by site. Temporary staging 
will take place within the project footprint for each site. Material will be disposed of on 
site or will be taken to the Seattle-Tacoma Airport third runway construction site. See 
Table 17-A, Baseline LER Cost Estimate Summary for total estimated real estate costs 
for the mainstem maintenance sites. 

Boeing Setback and Restoration 
ESTIMATED FAIR 

ESTATES ACRES MARKET VALUE 
Fee 10.50 $1,264,000 
Environmental 
Easement 11.90 $353,000 
TOTALS 22.40 $1,617,000 
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Carrot Patch Setback and Restoration 

ESTATES 
Fee 
Environmental 
Easement 
TOTALS 

ESTI&(ATED FAIR 
ACRES MARKET VALUE 

43.90 $3,225,000 

2.00 $ 130,odo 
45;90 $3,355,000 

Fenster Setback al nd Restoration 
ESTIMATED FAIR 

ESTATES ‘ACRES MARKET VALUE 
Fee 21.70 $440,200 
Environmental 
Easement 
TOTALS 

14.40 $147,800 
36.10. $588,000 

Russell Road Upper Setback Restoration 
ESTIMATED FAIR 

ESTATES ACRES MARKET VALUE 
Environmental 
Easement Site Total 14.80 $738.000 

Russell Road Lower Setback and Restoration 
ESTIMATED FAIR 

ESTATES ACRES MARKET VALUE 
Environmental 
Easement Site Total 10.50 $340,000 

Russell Road Lowest Setback Restoration 
ESTIMATED FAIR 

ESTATES ACRES MARKET VALUE 
Fee 0.30 $ 13,000 
Environmental 
Easement 10.30 $3 16,000 
TOTALS 10.60 $329,000 
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Summary of Mainstem Maintenance 
Property Interest and Land Values by Estate. 

ESTIMATED FAIR 
ESTATES ACRES MARKET VALUE 

Fee 76.00 $4,942,200 
Environmental 
Easement 63.90 $2,024,800 
TOTALS 140.30 $6,967,000 

5.22 Mav Creek 

The May Creek Culvert Replacement project involves a culvert perched over May Creek 
under Road 5530. May Creek is a tributary to the Green River. The culvert is 
approximately 3,100 feet upstream of the confluence with the Green River. The project 
restoration goals are to alIow for fish passage into the upstream reach of May Creek, and 
upstream enhancement by adding large woody debris, spawning gravel and plantings in 
the riparian corridor. 

The May Creek site currently involves a total of 6.50 of an acre of land located in the 
City of Tacoma watershed that is closed to the public and has controlled access. See 
Exhibit A of this plan for the project site footprint. Land zone in this area is forest with 
the existing use as forest. This site is on lands owned by the City of Tacoma Public 
Utilities and Burlington Northern Railroad, The NFS will need to acquire 6.20 acres 
permanent environmental easement for culvert rehabilitation, operation and maintenance, 
and .30 acres for a temporary work area easement to temporarily relocate the road during 
the construction period. See Exhibit A of this plan for the project site footprint. The 
culvert lies beneath an existing access road that is jointly used by property owners in the 
watershed. The NFS will need to acquire a non-exclusive right over and across the 
existing road in the TPU watershed. See paragraph 4.0 of this report for further 
discussions on roads within the TPU area. A disposal site is not necessary. Material will 
be reused on site. See the table below for a summary of property interest and land values 
by estate. See Table 17-A, Baseline LER Cost Estimate Summary for total estimated real 
estate costs for this site. 

ESTIMATED FAIR 
ESTATES ACRES MARKET VALUE 

Environmental 
Easement 6.20 $5,000 
Temporary Work Area 
Easements 
(18 months) 0.30 $4,000 

I I 
TOTALS 1 6.50 1 ‘$9,000 I 
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5.23 Mawvood Creek 

The Maywood Creek Culvert Replacement project involves a culvert perched over 
May-wood Creek under Road 5530 at milepost 19.5. .May Creek is a tributary to the 
Green River. The culvert is approximately 2,000 feet upstream of the confluence with 
the Green River. The project restoration goals are to allow for fish passage into the’ 
upstream reach of Maywood Creek, and upstream enhancement by adding large woody 
debris, spawning gravel and plantings ‘in the riparian corridor. 

. The Maywood Creek Culvert site currently involves a total of 35.94 acres of land located 
in the City of Tacoma watershed that is closed to the public and has controlled access. 
See Exhibit A of this plan for the project site footprint. Land zone in this area is forest 
with the existing use as forest. This site is on lands owned by four owners that include 
the City of Tacoma, Tacoma Public Utilities, Burlington Northern Santa Fe Railroad, and 
a private party. For construction, operation and maintenance, the NFS County will need 
to acquire 34.00 acres permanent environmental easement, and 1.94 acres for a temporary 
work area easement to temporarily relocate the road during the construction period. The 
culvert lies beneath an existing access road that is jointly used by property owners in the 
watershed. The NFS will need to acquire a non-exclusive right over and across the 
existing road in the TPU watershed. See paragraph 4.0 of this report for further 
discussions on roads within the TPU area. A disposal site is not necessary. Material will 
be reused on site. See the table below for a summary of property interest and land values 
by estate. See Table 17-A, Baseline LER Cost Estimate Summary for total estimated real 
estate costs. 

ESTIMATED FAIR 
ESTATES ACRES MARKET VALUE 

Environmental 
Easement 34.00 $26,000 
Temporary Work Area 
Easement 
(1 year) 1.94 $ 4,000 

TOTALS 35.94 $30,000 

5.24 Meridian Valley Creek 

The Meridian Creek Project site is located in the City of Kent, Washington, and includes 
the reach of Meridian Valley Creek from the concrete box culvert under SE 256” Street, 
through an approximate lOOO-foot long, rectangular, concrete flume near the confluence 
of Soos Creek. The project restoration goal is to provide passage with habitat 
enhancement from Soos Creek to Meridian Valley Creek upstream of SE 256” Street. An 
ancillary benefit of the project is that it will provide a hydraulic connection between Soos 
Creek and the existing wetlands. - 

The Meridian Valley Creek site currently involves a total of 2.23 acres of land. The NFS 
currently owned 0.13 acres in fee, and will need to acquire an additional 2.10 acres 
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environmental easement from one private and one public owner for construction, 
operation and maintenance of this site. See Exhibit A of this plan for the project site 
footprint. The land in this area is single-family residential. Temporary staging will take 
place within the project footprint. Existing public access is available. The disposal 
material will be taken to the Seattle Tacoma-Airport third runway construction site. For 
LER crediting purposes the lands already owned by the NFS will be based on federal 
appraisal principles for determining fair’ market value. The requirement for a formal 
crediting appraisal will most likely be waived because of the size of the NFS’s parcel. 
See the table below for a summary of property interest and land values by estate. See 
Table 17-A, Baseline LER Cost Estimate Summary for total estimated real estate costs. ’ 

ESTATES 
Fee 

Environmental 

ESTIMATED FAIR 
ACRES MARKET VALUE 

0.13 $ 2,700 

2.10 $91,300 
Easement 
TOTALS 2.23 $94,000 

5.25 Middle Green River Gravel Replenishment 

This project includes work along a substantial length of the Green River, starting at the 
City of Tacoma water supply intake at approximately River Mile 6 1, and extending 
downstream to the vicinity of Flaming Geyser State Park, The goal of this project is to 
stop further fisheries degradation and to restore areas currently degraded as a result of the 
bedload blockage at the Howard Hanson Reservoir. 

The Middle Green River Gravel Replacement project currently involves four sites and a 
total’of 78.82 acres. See Exhibit A of this plan for the project site footprint for the four 
sites identified as Gravel Replenishment Sites S-l, S-2, C-l and C-2. There are 
approximately 9 owners for a mix of public and private owners, including state owned 
submerged lands. For construction, operation and maintenance of these sites, the NFS 
will need to acquire approximately 69.80 acres environmental easement for the State 
owned submerged lands; 3.45 acres for permanent access; 5.50 acres for a lo-year 
temporary work area easement; and 0.07 acres temporary air right easements for a 
estimated value of $354,000. The temporary air right easements are intended to allow for 
a cable and bucket operation across the river. The air rights easements will occur in a lo- 
year timeframe, and will reportedly be approximately 150 feet in height. A ten-year 
temporary air rights easement seems the most suitable for gravel placement in the 
riverbed, and monitoring the effectiveness of this method of placement, Following the 
initial 1 O-year period, a more suitable method for placing gravels may be available. 
During thelO-year period approximately 250,000 cubic yards of gravel will be placed in 
the river to make up for the gravel held back by the dam since 196 1. The four gravel 
placement sites will be used to make up the gravel deficit over a 1 O-year period; then the 
sites will be abandoned at the end of 10 years. Also, a ten-year temporary easement 
reduces the damages to the upland owners that a permanent taking would cause. See the . 
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table below for a summary of property interest and land values by site and estate. See 
Table 17-A, Baseline LER Cost Estimate Summary for total estimated real estate costs. 

ENVIRO TE%IP EST 
EASMT EST EST WORK FMS 

SUB- FMV PERM F%IV ARE.4 TEMP 
SITE MERGED ENVIRO ACCESS , PER.\1 ESMT WORK 

NUMBER LANDS ESMT ESMT ACCESS (IO YRS) AREAS 
ACS ACS ACS 

19.00 $92,000 1.46 %15,000 2.25 S42,GOO 
S-l 

s-2 l&SO S81,OOO 0.90 s 2:200 1.25 $25,000 
C-l 21.00 S63,OOO 0.2s S 500 1 .oo s13,ooo 
c-3 13.00 s 3,000 0.81 s 2,000 1.00 $1~3,000 
TOTALS 69.80 $239,000 3.45 s19,700 5.50 $93,600 
Grand Totals 78.82 Acres, Est. FMV $353,000 

,5.26 Mainstem Green River Large Woodv Debris (LWD) 

TEMP 
AIR 

RIGHTS 
ES&IT 

(10 yfw 
ACS 

0.04 

0.03 
__ 
-- 

0.07 

EST 
FMV 
AIR 

RIGHTS 
ESMT 

$400 

5300 
-- 
__ 

$700 

The Mainstem Green River LWD project sites are located within the mainstem Green 
River between the city of Auburn and city of Tacoma pipeline withdrawal (River Mile 32. 
to 61). The primary project goal is to restore natural ecosystem processes of LWD 
recruitment, transportation, and structure in the mainstem Green River. Restoring this 
ecosystem process will accomplish additional project goals of rehabilitating instream 
salmon spawning, rearing, and migration habitat while reducing the need for ongoing 
habitat maintenance. ‘Restoring ecosystem processes will also rehabilitate habitat for 
non-salmonid aquatic organisms, and non-aquatic organisms that use the Green River for 
some component of their life. history. 

The hrFS will need approximately 39.87 acres of land for construction, operation and 
maintenance of 46 sites. The NFS currently owns approximately 7.74 acres and will need 
to acquire the remaining 32.13 acres from a mix of public and private owners. The LWD 
project site involves approximately 55 owners. The size of LWD sites is approximately 
.46 acres per site. There are two distinct classifications of land use types, characterized 
as either residential or agricultural in nature. The estimated value for these sites is 
$142,770. See Exhibit A of this plan for the project footprints, and the below table 
(providing estates and land values) for a list of the LWD sites being addressed in this 
section of the report. See Table 17-A, Baseline LER Cost Estimate Summary for total 
estimated real estate costs. 
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r 
Middle Green River Large Woody D !bris 

SITE FEE FEE ENVIRO ENVIRO 2 
NUMBER ACS FMV ESMT ESMT 

ACS FMV 

PERM 
ACCESS 

ESMT 

BAJ3 to 
MJ3 -_ me “’ 2.30 $ 6,900 2.07 $ 4,200 

BAJ6 to 
BAJ8 -- -- 1.38 $ 4,200 
BA J9 -- -- 0.46 $1,400 

BAJlO - 
BAJll -- -- 0.92 $2,800 
BAJ12- 
BAJ14 -- -- 1.38 $4,200 
BAJlS- 
BAJ18. 

and -- -- 2.30 $7,600 
MAJ5 

BAJ 19, 
BAJ20& 0.23 Sl,SOO 0.69 $2,100 

MAJ 6 
BAJ2 1, 

BAJ22 22 0.23 $1,400 1.15 $3,500 

1.11 
0.21 

0.72 

1.20 

1.40 

1.00 

2.63 $ 5,300 

TOTALS 1 1.61 ] 511,450 1 18.99 1 $64,300 1 19.27 
Grand Totals 39.87 Acres, Est. FMV $142,770 

MJ7 
BAJ23 
and 24, 0.46 55,750 1.38 $4,100 1.82 
and MJ8 
and MJ9 
BAJ25 0.46 $1,400 -- -- 0.15 

BAJ26 to 
BAJ27 -- -- 0.92 $2,800 0.58. 
BAJ28 -- -- 0.46 $1,400 0.21 

BAJ29 & ’ BAJ30 -- -- 0.92 $2,800 0.05 
BAJ31,. 
BAJ32 0.23 $1,400 1.05 $3,200 1.03 

and MJlO 
BAJ33 to 

BAJ36 
andMJl1 -- -- 3.22 $9,700. 4.85 
to MJ13 

MJl , -- , -- , 0.46 , $7.600 , 0.24 

PERM 
ACESS 
ESMT 
FMV 

$ 2,200 
$ 420 

$1,500 

$2,400 

$2,800 

$2,000 

$ 1,200 
$ 400 

$ 100 

$ 2,100 

$ 9,700 
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5.27 Mill Creek East 

The Mill Creek East project encompasses four sites recommended by city of Kent, 
Washington. The project sites are located within the city of Kent, and are named 
Memorial Park, State Route (SR) 167, 76’h Avenue South, and South 21 2th sites. 
Memorial Park site is located north of James Street and West of Jason Avenue/8Sth 
Avenue. The SR 167 site is adjacent to SR 167, west of East Valley Highway/84th 
Avenue, south and north of Novae Lane. The 76th Avenue South site is located between 
76’h Avenue South and 72nd Avenue South. The South 212th site is located north of 
South 212th Street and west of 77” Avenue South. 

For construction, operation and maintenance of this site the NFS will need to acquire 
approximately 47.59 acres of land in fee, and 26.60 acres of environmental easement for 
a total of 74.19 acres. See Exhibit A of this plan for the project site footprint. The 
majority of the land in this area is zoned as industrial and general commercial. There are 
approximately 24 private and public owners within the project footprint. Access to the 
site is from existing public roads. All staging will take place within the project footprint. 
The disposal material will be taken to a commercial site. See the following table below 
for a summary of property interest and land values by estate. See Table 17-A, Baseline 
LER Cost Estimate Summ&y for total estimated real estate costs. 

ESTATES 
Fee 

Environmental 
Easement 

I TOTALS 

ESTIMATED FAIR 
ACRES MARKET VALUE 
47.59 $1,875,000 

26.60 $1,388,000 

74.19 $3,263,000 

5.28 Mill Creek, Geodeke Reach 

The proposed Mill Creek, Geodeke Reach site is located at the south end of Mill Creek 
on the west side of SR 167 just downstream of Peasley Canyon, The site begins just 
upstream of a box culvert through which Mill Creek flows under Highway 18 and ends at 
Main Street. The project restoration goal at the Geodeke reach is to create a natural 
habitat for rearing and storm refuge. 

The Mill Creek, Geodeke Reach consists of approximately 15.47 acres. For construction, 
operation and maintenance of this site, the NFS will need to acquire approximately 15.47 
acres of environmental easement from the city of Auburn with an estimated land value of 
$642,000. See Exhibit A of this plan for the project site footprint. The character of land 
in this area is zoned industrial although much of the land appears to be encumbered by 
wetlands. Access to the site is from existing public roads. All staging will take place 
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within the project footprint. The disposal material will be taken to a commercial site. 
See Table1 7-A, Baseline LER Cost Estimate Summary for total estimated real estate 
costs. 

5.29 Mill Creek Merlin0 Reach 

The proposed Merlin0 Reach of Mill Creek site links the Wetland 5k Reach and the 
Schuler Brothers Reach and includes portion of Mill Creek located at SR 167 to the south 
edge of the Schuler property. The project restoration goal at this site is to create natural 
habitat for rearing and storm refuge. 

For construction, operation and maintenance of this site, thew NFS will need to acquire 
approximately 65 acres environmental easement; and 0.22 of an acre for permanent 
access to the site, for a total of 65.22 acres. See Exhibit A of this plan for the project site 
footprint. The land in this area is zoned manufacturing. There are 13 owners within the 
project footprint that consists of a mix of public, and private owners. Temporary staging 
will take place within the project footprint. All disposal material will be taken to a 
commercial disposal site. See the table below for a summary of property interest and 
land values by estate. See Table 17-A, Baseline LER Cost Estimate Summary for total 
estimated real estate costs. 

ESTATES 
Environmental 
Easement 
Permanent Access 
Easements 

ESTIMATED FAIR 
ACRES MARKET VALUE 

65.00 $3,677,000 

0.22 $ 73,000 

TOTALS 1 65.22 1 $3,750,000 I 

5.30 Mill Creek Schuler Brothers Reach 

The Mill Creek Schuler Brothers Reach site upstream boundary begins where Mill Creek 
crosses tiom east to the west side of SR 167. It meanders north through the Schuler 
Brothers property and crosses S. 277th Street. North of 277th Street, Mill Creek crosses 
from the east to the west side of the West Valley Highway, meanders north, and crosses 
back over the West Valley Highway. The final crossing is the downstream boundary of 
the Schuler Brothers Reach. South 277” Street divides the reach into two sub-reaches 
along which the district habitat improvements are proposed. The project restoration goal 
at the Schuler Brothers Reach is to create a natural habitat for rearing and storm refuge 
while increasing the reach’s high flow hydraulic capacity. 

For construction, operation, and maintenance of Mill Creek Schuler Brothers Reach site, 
the NFS will need to acquire approximately 89 acres environmental easement and 1.66 
acres for two permanent access easements to the site, for a total of 90.66 acres of land. 
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See Exhibit A of this plan for the project site footprint. The land in this area is zoned for 
agricultural uses. There are 8 private owner within the proposed project footprint. 
Temporary staging will take place within the project footprint. ,A11 disposal material will 
be taken to a commercial disposal site. See the table below for a summary of property 
interest and land values by estate. See Table 17-A, Baseline LER Cost Estimate 
Summary for total estimated real estate costs. 

.’ 

ESTATES 
Environinental 
Easement 
Permanent Access 
Easement 
TOTALS 

ESTIMATED FAIR 
kCRES MARKET VALUE 

89.00 $738,800 

1.66 $ 6,200 
90.66 $745,000 

5.31 Mill Creek Wetland 5K Reach 

The Mill Creek Wetland 5K Reach includes the reach of Mill Creek just north of the 
Geodeke reach on the west side of SR 167. It extends from the Main Street to the 
crossing of Mill Creek with SR 167. The project restoration goal at this site is to create a 
natural habitat for rearing and storm refuge. 

The Mill Creek Wetland 5K Reach site currently involves a total of 41.9 acres of land. 
For construction, operation and maintenance of this site, the NFS will need to acquire 
41.40 acres of environmental easement and SO of an acre permanent access to the site. 
See Exhibit A of this plan for the project site footprint. The land in this area is zoned 
industrial. There are 5 private owners within the project footprint. Temporary staging 
will take place within the project footprint. All disposal material will be taken to a 
commercial disposal site. See the table below for a stuntnary of property interest and 
land values by estate. See Table 17-A, Baseline LER Cost Estimate Summary for total 
estimated real estate costs. 

E’sTATES 
Environmental 
Easement 
Permanent Access 
Easement 

TOTALS 

ESTIMATED FAIR 
ACRES MARKET VALUE 

41.40 $722,000 

0.50 $30,000 

41.90 $752,000 
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5.32 Mullen Slough Reach 

The Mullen Slough Reach site originates at S. 277’h Street and flows north into the Green 
river. It is located west of Mill Creek and SR 167. The Mullen Slough reach extends for 
the north border of the Prentice Nursery at S, 277’h Street. The project restoration goal at 
this site is to create a natural habitat for rearing and storm refuge. Restoration along 
Mullen Slough will include channel meandering, large woody debris placement, and 
riparian plantings. 

The Mullen Slough Reach site currently’involves a total of 91.85 acres of land. For 
construction, operation, maintenance of the site, the NFS will need to acquire 
approximately 90.00 acres environmental easement and 1.85 acres for two permanent 
access easements. See Exhibit A of this plan for the project site footprint. The land in 
this area is zoned low to medium density, single-family residential. There are 10 owners 
within the project footprint that consists of a mix of public and private land holdings. 
Temporary staging will take place within the project footprint. See the table below for a 
summary of property interest and land values by estate. See Table 17-A, Baseline LER 
Cost Estimate Summary for total estimated real estate costs. 

ESTATES 
Environmental 
Easement 

Permanent Access 
Easement 
TOTALS 

ESTIMATED FAIR 
ACRES MARKET VALUE 

90.00 $677,000 

1.85 $ 7,000 

91.85 $684,000 

5.33 NE Auburn Creek 

The NE Auburn Creek site is a Green River tributary located north of SE 277” Street in 
the city of Auburn, Washington. The project site begins at the confluence of NE Auburn 
Creek and the Green River at about River Mile ,25.9. The project site extends upstream 
through a series of ditches and culverts for approximately 3,300 feet to the culvert 
crossing SE of 277th Street. 

The NE Auburn Creek site currently involves a total of 11.64 acres. For construction, 
operation and maintenance of this site the NFS will need to acquire approximately 10.64 
acres of environmental easement and a l-acre temporary work area easement. . Access to 
the site is from existing public roads. The disposal material will be taken to the Seattle 
Tacoma-Airport third runway construction site. See Exhibit A of this plan for the project 

. site footprint. The lands in this area are zoned agriculture. There is one private owner 
and one public owner within the project footprint. See the table below for a summary of 
property interest and land values by estate. See Table 17-A, Baseline LER Cost Estimate 
Summary for total estimated real estate costs. 
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ESTIMATED FAIR 
ESTATES ACRES MARKET VALUE 

Environmental 
Easement 10.64 $63,300 
Temporary Work Area 
Easements 5-years 1.0 $ 4,500 

:’ 

TOTALS 11.64 $68,300 

5.34 Newaukum Creek 

The Newaukum Creek site is one of the two major tributaries flowing into the middle 
reach of the Green River and is located in southeast King County, east of Auburn, 
Washington. The mainstem of Newaukum Creek watershed is14.3 river miles long, and 
can be divided into three distinct sections: 1) the upper headwater 5-mile section; 2) the 
middle 6-mile section that meanders through plateau farmland near Enumclaw, 
Washington; and 3) the lower 3-mile section that descends through a steep-walled ravine 
from the plateau to the Green River at river mile 40. The project goal is to restore 
process-based ecological functions that include addressing wetland attenuation and 
wetland native plant diversity on the Enumclaw plateau. This includes reclaiming 
wetland areas for additional flow attenuation and planting wetlands with native plants to 
increase,functions/values of wetland and stream connections. A secondary goal is to 
provide additional key LWD pieces within the mid-lower sections of Newaukum Creek 
channel to promote formation of instream habitat complexity. LWD should form new 
logjams that will create additional pools, side channels, and juvenile salmonid refuge. 

The Newaukum Creek site currently involves a total of 222.0 acres of land located in the 
cities of Kent and Renton, Washington. See Exhibit A of this plan for the project site 
footprint. The N!?S currently owns 2.10 acres of land, and will need to acquire 219.00 
acres in environmental easements for construction, operation, and maintenance of this 
site. There is existing public access to the site. Temporary staging will take place within 
the project footprint. A commercial disposal site will be used for debris and unusable 
materials. The land in this area is zoned, rural residential or agricultural. There are 
approximately 127 owners within the project footprint that consists of a mix of public, 
private and NFS land holdings. For LER crediting purposes the lands already owned by 
the NFS will be based on federal appraisal principles for determining fair market value. 
See the table below for a summary of property interest and land values by estate. See 
Table 17-A, Baseline LER Cost Estimate Summary for total estimated real estate costs. 

ESTATES 
Fee 

Environmental 
Easement 
TOTALS 

ESTIMATED FAIR 
ACRES MARKET VALUE 

2.10 $ 12,000 

219.9 $1,794,000 

222.0 $1,806,000 
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5.35 Northeast Creek 

The Northeast Creek site is a perched culvert approximately 225 feet upstream of the 
confluence with Snow Creek. The existing 48-foot long pipe arch culvert is perched 
approximately 15 to 17 feet above the downstream pool and precludes upstream fish 
passage to roughly 2 miles of habitat. The existing stream channel width is 
approximately 10 to 15 feet wide. The project restoration goal is to eliminate the perched 
culvert conditions and open upstream habitat access to Coho, Steelhead, and Cutthroat 
adults, as well as, certain juveniles. Upstream habitat improvements would include 
placement of large woody debris and spawning gravel in the creek. 

The Northeast Creek Culvert Projects site currently involves 1 .OO acre of land with an 
estimated value of $2,500. The one-acre site is located in the City of Tacoma watershed 
that is closed to the public and has controlled access. See Exhibit A of this plan for the 
project site footprint. Land zone in this area is forest with the existing use as forest. This 
site is on lands owned by Burlington Northern Railroad, Inc. The NFS will need to 
acquire a l-acres environmental easement for creating and diverting the stream upstream 
of the existing culvert and constructing the bridge roughly 50 feet west of the existing 
culvert. Material dredged for the new channel will be sidecast and later placed in the old 
channel bed after the existing stream is diverted to the new creek channel. All staging 
will take place within the existing project footprint. See Exhibit A of this plan for the 
project site footprint. The NFS will need to acquire a non-exclusive right over and across 
the existing road to access this site. See paragraph 4.0 of this report for further 
discussions on roads within the TPU area. See the table below for a summary of property 
interest and land values by estate. See Table 17-A, Baseline LER Cost Estimate 
Summary for total estimated real estate costs for this site. 

5.36 Olson Creek 

Olson Creek is a tributary to the Green River located partially within the city of Auburn, 
Washington. The proposed project site includes the reach from the confluence with the 
Green River ad extends approximately 1500 feet upstream. The project restoration goal 
is to improve access to the tributary from the Green River, enhance the tributary habitat, 
restore ecological integrity, and to provide summer and winter rearing habitat for 
salmonid species. 

The Olson Creek site currently involves a total of 7.5 acres of land. See Exhibit A of this 
plan for the project site footprint. For construction, operation and maintenance of this 
site, the NFS will need to acquire 7.5 acres of environmental easement with and 
estimated land value of $26,000. Land zoning in this area is residential, single family. 
There is one public and one private owner within the project footprint. Existing public 
access is available to the site from Green River Road South. Temporary staging will take 
place within the project footprint. A commercial disposal site will be used for all 
material not reused on site. See the table below for a summary of property interest and 
land values by estate. See Table 17-A, Baseline LER Cost Estimate Summary for total 
estimated real estate costs for this site. 
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5.37 OIsen Creek Culvert Project 

The Olsen Creek Culvert project site involves a perched 72-inch CMP culvert located on 
Road 3703 at milepost 23.5. The existing stream channel width is approximately 8 to 12 
feet wide. Olsen Creek is a tributary to the Green River and the culvert is located 
approximately 250 feet upstream of the confluence with the Green River. The 
confluence is upstream of the Corps of Engineers’ Howard Hanson Dam on Tacoma 
Public Utilities property. Upstream of the culvert there is no woody debris. There are a 
few large boulders directly at the culvert mouth. The stream is flat and undefined. 
Quality habitat exists about 800-1000 feet upstream of the culvert. The project 
restoration goal is to ensure fish passage’and enhance fish habitat with additional stream, 
structures, refine existing habitat and provide a link to further habitat upstream. 

The Olsen Creek Culvert Project site currently involves a total of 0.57 of an acre of land 
Iocated in the City of Tacoma watershed that is closed to the public and has controlled 
access. See Exhibit A of this plan for the project site,footprint. Land zone in this area is 
forest with the existing use as forest. This site is on lands owned by the City of Tacoma. 
The NFS will need to acquire 0.27 of an acre permanent environmental easement for 
culvert rehabilitation, operation and maintenance, and 0.30 acres for a temporary work 
area easement to temporarily relocate the road during the construction period. The culvert 
lies beneath an existing access road that is jointly used by property owners in the 
watershed. The NFS will need to acquire a non-exclusive right over and across the 
existing road in the TPU watershed. See paragraph 4.0 of this report for fiu-ther 
discussions on roads within the TPU area. A disposal site is not necessary. Material will 
be reused on site. See the table below for a summary of property interest and land values 
by estate. See Table 17-A, Baseline LER Cost Estimate Summary for total estimated real 
estate costs for this site. 

5.38 

ESTIMATED FAIR 
ESTATES ACRES MARKET VALUE 

Environmental 
Easement 0.27 $ 200 
Temporary Work Area 
Easement 0.30 $7,500 
(2-years) 

TOTALS 0.57 $7,700 

Porter Levee Setback 

The Porter Levee Setback site is located one mile upstream of the crossing of Highway 
18 and the Green River. It is on the right bank of the river near the slaughterhouse. 
Much of the historic flood plain for this portion of the Green River has been lost to 
conversion to agriculture. Levees have been placed along the river to keep the river in its 
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current position. There are very few places where the river is allowed to spill over its 
banks and re-charge the adjacent flood plain. The levee construction has also limitedthe 
Rivers ability to meander and make new channels. The rest@ of both of these actions 
means less spawning habitat in the mainstream, a loss of flood storage capacity and 
limiting nutrient export from the adjacent terrestrial system. 

The proposed restoration goals for this Site (mainstream of the river) is the removal of an 
existing training levee, arid hydrologically connecting approximately 45 acres of flood 
plain. This would give the river the opportunity to move or meander across the former 
flood plain, increasing channel length in a highly productive Chinook spawning area as 
well as the opportunity to create additional off-channel habitat. Nutrient export, increase 
in base flow and some flood storage capacity would be additional benefits of the project. 

The Porter Levee Setback site currently involves a total of 35.22 acres of land. See 
Exhibit A of this plan for the project site footprint. The NFS is the sole owner of the 
lands needed for construction, operation and maintenance of this site. The NFS will not 
receive credit for 3.58 acres of the 35.22 acres necessary for this project since it. was 
previously provided for the Porter Creek Set 1135 Project. The remaining 3 1.64 
creditable acres fee interest will be credited to the NFS for the Duwamish-Green Project. 
The estimated fair market value of the 3 1.64 acres is $237,000. A majority of the land is 
zoned agricultural. Access to the site is from SE Green .Valley Road. The disposal 
material will be taken to the Seattle Tacoma-Airport third runway construction site. For 
LER crediting purposes the lands already owned by the NFS will be based on’federal 
appraisal principles for determining fair market value. See the table below for a sunnnary 
of property interest and land values by estate. See Table 17-A, Baseline LER Cost 
Estimate Summary for total estimated real estate costs. 

5.39 Prentice Nursery 

The Pretence Nursery Site begins at the Green River and extends upstream approximately 
500 feet to include the Nursery. Highway 5 16 crosses Mullen Slough within the site. 
The project restoration goal for this site is to create a natural habitat for rearing ad storm 
refuge. 

The Prentice Nursery site currently involves a total of 4.86 acres of land with an 
estimated fair market value of $33,000. See Exhibit A of this plan for the project site 
footprint. King County will need to acquire 4.86 acres of environmental easement for 
construction, operation and maintenance of this site, The land in this area is zoned for 
agricultural uses and a portion is zoned for multi-family. There are 3 ownerships within 
the project footprint that consists of one private and two public land holdings. Existing 
public access will be used. Temporary staging will take place within the project 
footprint. A commercial disposal site will be used. See Table 17-A, Baseline LER Cost 
Estimate Summary for total estimated real estate costs. 

5.40 Rav Creek 

The Ray Creek site is a former side channel now occupied by a wall-based tributary 
located within the Green River floodplain. Ray Creek joins the Green River at Rivermile 
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34.2, immediately downstream of the Nealy Bridge. The 2.3-mile long stream originates 
within a former Green River side channel that formed along the right bank. The primary 
project restoration goal for this site is to restore and protect a native coniferous plant 
community within the riparian buffer and allow natural ecosystem processes to be 
reestablished in the stream Gparian corridor. Project goals also include creating a natural 
environment to enhance salmonid rearing,within the stream, reduce sediment impacts 
from cattle, and, and create additional, connected refuge wetland habitat. 

The Ray Creek Corridor site currently involves a total of 29.31 acres of land. The NFS 
currently owns approximately 0.65 acres, and will need to acquire an additional 27.40 
acres environmental easement; and 1.26 acres for two permanent accesses for 
construction, operation and maintenance of this site. See Exhibit A ofthis plan for the 
project site footprint. The land in this area is zoned agricultural. There are 5 
approximately 5 owners within the project footprint that consists of private owners and 
NFS land holdings. Temporary staging will take place within the project footprint. A 
commercial disposal site will be used. For LER crediting purposes the lands already 
owned by the NFS will be based on federal appraisal principles for determining fair 
market value. See the table below for a summary of property interest and land values by 
estate. See Table 17-A, Baseline LER Cost Estimate Summary for total estimated real 
estate costs. 

ESTIMATED FAIR I 

ESTATES ACRES MARKET VALUE 
Fee -65 S 8,000 

Environmental 
Easement 
Permanent Access 
Easements 
TOTALS 

27.4 $264,000 
1.26 

$ 8,000 
29.31 $281,000 

5.41 Riverside Estates Side Channel 

Riverside Estates Side Channel is named after the existing residential development 
located near 37’h Street NE in the city of Auburn, Washington. The site is located at 
River Mile (RM) 28.8, behind Reddington Levee that currently provides flood protection. 
The proposed project includes the reach from an existing flap-gated culvert in the levee 
approximately 1,500 feet upstream. The project purpose is to re-establish the side 
channel habitat to provide summer rearing habitat, and winter remgia while maintaining 
the existing level of flood protection to the local region. 

The Riverside Estates Side Channel site involves a total of 11.40 acres of land. See 
Exhibit A of this plan for the project site footprint. The NFS currently owns 0.80 of an 
acre, and will need to acquire an additional 8.35 acres of environmental easement, and 
2.25 acres permanent easement for construction, operation and maintenance of this site. 
The land in this area is zoned primarily single-family residential. There are 
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5 owners within the project footprint that consists of a mix of public, private and’NFS 
land holdings. A 0.09 of an acre temporary staging area is needed for the construction 
period. All disposal material will go to a commercial site. For LER crediting purposes 
the lands already owned by the NFS will be based on federal appraisal principles for 
determining fair market value. See the table below for a summary of property interest 
and land values by estate. See Table 17-A, Baseline LER Cost Estimate Summary for 
total estimated real estate costs. ‘. 

ESTIMATED FAIR I 
ESTATES ACRES MARKET VALUE 

Fee 0.80 $6,000 
Environmental 
Easement 
Permanent Access 
Easement 
TOTALS 

8.35 $54,000 

2.25 $22,000 
11.40 $82,000 

5.42 Riverton Side Channel 

This project site is located in the city of Tukwila, immediately north and east of the 
intersection of State Route (SR) 99 and SR 599. River-ton Creek has been heavily 
impacted both directly re relocation and channelization, as well as indirectly by increased 
flows and sedimentation resulting from urban development. The primary goal of the 
project is to restore and enhance sahnonid habitat within Riverton Creek and improve its 
connection to the Duwamish River, using natural processes and habitat elements to 
facilitate upstream migration and to provide juvenile off-channel rearing. 

The Riverton Side Channel site currently involves a total of 3.48 acres of land. See 
Exhibit A of this plan for the project site footprint. The NFS will need to acquire 2.0 
acres environmental easement; and 1.39 acres for permanent access road easement for 
construction, operation and maintenance of this site. The NFS will need to acquire an 
additionally 0.09 of an acre temporary staging area for the construction period for this 
site. The land in this area is zoned manufacturing. There are 3 ownerships within the 
project footprint that consists of a mix of public and private land holdings. A disposal 
site is necessary during construction period for this site. See the table below for a 
summary of property interest and land’values by estate. See Table 17-A, Baseline LER 
Cost Estimate Summary for total estimated real estate costs. 
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ESTIMATED FAIR 
ESTATES ACRES MARKET VALUE 

Environmental 2.00 $ 28,000 
Easement 
Permanent Access 1.39 $3 62,200 
Easement .I. 

Temporary Work Area 0.09 $ 800 
Easements (4 years) 
TOTALS 3.48 $391,000 

5.43 Sundav Creek Riparian Plantinm 

Sunday Creek is located in the Upper Green River Basin approximately 2.5 miles 
upstream of Lester, Washington. This site is located within the city ofTacoma Public 
Utilities municipal watershed, (TPU) area that is closed to the public and has controlled 
access. The project site begins near the Bonneville Power Administration (BPA) power 
lines crosses Sunday Creek, approximately 2.75 miles upstream of the Sunday Creek 
confluence. The project extends upstream for approximately 2.9 miles. The project 
restoration goal is to improve salmon habitat. This will be accomplished by decreasing 
stream temperatures by providing shade from the reestablishment of riparian vegetation 
along the project corridor. 

The Sunday Creek Riparian Plantings site currently involves 70.25 acres with an 
estimated value of $7,000. Access to the site is from an existing access road owned 
mainly by TPU with a short segment or road crossing USFS lands. See paragraph 4.0 of 
this report for a discussion of the access roads in the TPU watershed. See Table 17-A, 
Baseline LER Cost Estimate Summary for total estimated real estate costs 

5.44 Sweeney Creek 

The Sweeney Creek site includes two perched culverts located on Road 3703 at milepost 
21.8. The creek is a south tributary of the Green River and the culverts are approximately 
200 feet upstream of the confluence with the Green River. The existing 60-inch diameter 
east culvert is perched 1.3 feet high and does not allow fish passage; the 48-inch diameter 
west culvert is perched 3.54 feet high. The existing steam channel width is 
approximately 10 to 14 feet wide. Presently, there is a 4 to 5 foot drop I the last 12 to 15 
feet of the creek at the confluence with the Green River. The project restoration goal is to 
eliminate the perched culverts as well as the steep gradient in the last 15 feet of the creek 
to allow for fish passage into the upstream reach of Sweeney Creek. Upstream habitat 
improvements will include placement of large woody debris in the creek. 

The Sweeney Creek-Culvert Projects site currently involves a total of 0.33 of an acre of 
land located in the City of Tacoma watershed that is closed to the public and has 
controlled access. See Exhibit A of this plan for the project footprint, Land zone in this 
area is forest with the existing use as forest. This site is on lands owned by the City of 
Tacoma. The NFS will need to acquire 0.33 of an acre permanent environmental 
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easement with an estimated fair market value of $300 for culvert rehabilitation, operation 
and maintenance. The NFS will need to acquire a non- 
exclusive right over and across the existing road in the TPU watershed. See paragraph 
4.0 of this report for further discussions on roads within the TPU area Temporary staging 
will take place within the project footprint. A separate disposal site is not necessary. 
Material will be reused on site. See Table 17-A, Baseline LER Cost Estimate Summary 
for total estimated real estate costs. ’ 

5.45 Turlev Levee 

The Turley Levee site is located at River Mile 37 about 2 miles upstream of Nealey 
Bridge. The proposed project would include moving approximately 1300 feet of levee 
back approximately 500 feet. This will allow a significant amount of area to be open to 
the power of the river to flood and work on this new area and sculpted it into new fish 
habitat. The primary restoration goal of the project is to make additional area available to 
the river for it to construct additional side channel habitat within the Green River system 
in order to allow natural ecosystem processes to be re-established in the side channel 
riparian corridor. Project goals include creating as natural an environment as possible to 
enhance salmonid rearing within the area now open to the river and let the river create 
refuge wetland habitat. 

The Turley Levee site currently involves a total of 12.94 acres of land owned by two 
private owners. See Exhibit A of this plan for the project site footprint, The NFS will 
need to acquire 12.40 acres in fee and 0.54 acres for permanent access easement for 
construction, operation and maintenance of this site. The land in this area is zoned 
agricultural. Temporary staging will take place within the project footprint. A 
commercial disposal site’will be used. See the table below for a summary of property 
interest and land values by estate. See Table 17-A, Baseline LER Cost Estimate 
Summary for total estimated real estate costs. 

ESTIMATED FAIR 
ESTATES ACRES MARKETVALUE 

Fee 12.4 $93,000 

Permanent Access 
Easement 

TOTALS 

0.54 $2,000 

12.94 $95,000 

5.46 Upper Green River Side Channel Enhancement 

The Upper Green River Side Channel sites include Sites 1 and 2. Site 1 is located on the 
Green River about Riverrnile 60, approximately 4.5 miles downstream of the Howard 
Hanson Dam. Site 2 is located downstream of Site 1 at about Rivermile 58.5. The upper 
Green River is sediment-limited because the Howard Hanson Dam now traps sediment 
historically supplied by upstream processes, such as landslides and bedload transport. 
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Because natural recruitment of sediment in river reaches located immediately 
downstream of the dam is insufficient to compensate for lost sediment, the channel has 
begun to incise, the surface substrate has become imbedded and armored with boulders 
and cobbles, and there is an absence of gravels of suitable size for spawning salmon. 

This restoration project has two primary goals: 1) restore natural ecosystem processes of 
sediment supply and transport to the side channels (and mainstem) at Sites 1 and 2; and 
2) restore natural ecosystem processes of large woody debris (LWD) recruitment, . 
transport, and structure in the srde channels (and mainstem); Restoring these ecosystem 
processes will accomplish additional project goals of rehabilitating instream salmon 
spawning, rearing, and migration habitat while reducing the need for ongoing 
maintenance. Restoring ecosystem processes will also rehabilitate habitat for non- 
salmonid aquatic organisms, and non-aquatic organisms that use the Green River for 
some component of their life history. 

The Upper Green River Side Channel Enhancement site currently consists of a total of 
12.51 acres of land involving public and private ownerships. See Exhibit A of this plan 
for the project footprints for Sites 1 and 2. The NFS will need to acquire 11.27 acres of 
environmental easement; and 1.24 acres for permanent access easements for construction, 
operation and maintenance of this site. The land zoning in these areas consist primarily 
of rural residential and forest zoned sites. No disposal is required. See the table below 
for a summary of property interest and land values by estate. See Table 17-A, Baseline, 
LER Cost Estimate Summary for total estimated real estate costs. 

ESTATES 
Environmental Easement 
Sites 1 & 2 
Permanent Access 
Easement Sites 1 & 2 
TOTALS 

ESTIMATED FAIR 
ACRES MARKETVALUE 

11.27 $145,000 

1.24 $ 13,000 
12.51 $158,000 

5.47 Upper Springbrook Creek 

The Upper Springbrook Creek site upstream boundary begins where the creek crosses 
from the south to the north side of S. 55th Street. The Reach continues west along the 
north side of S. 55th Street until it reaches the SR 167 east R-O-W. The site is ‘lacking in 
riparian vegetation, and native.canary grass; and black berry shrubs leave the stream 
without shaded. The existing canopy also provides access for fish-eating birds. There is 
essentially no instream habitat such as woody debris. Further, certain reaches of the 
stream would benefit from two-stage channeling. Additionally, sediment from upstream 
runoff originating in the City of Renton’s jurisdiction causes a channel maintenance 
problem and plugs the Washington Department of Transportation culvert under 405. The 
project restoration goal at the Upper Springbrook reach is to create a natural habitat for 
spawning, rearing, and storm refuge. Restoration along Upper Springbrook will include 
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adding channel spawning gravel, large woody debris, and riparian plantings. Also, an 
effective means of sediment removal with minimal disturbance to the creek is also a 
project goal. 

The Upper,,Sptingbrook Creek site currently involves a total of 2.13 acres of land with an 
estimated fair market value of $15,000. This site involves one private owner. See Exhibit 
A of this plan for the project site footprint. The NFS will need to acquire 2.13 acres of 
environmental easement for construction, operation and maintenance of this site. Land 
zoning in this area is a combination of single-family residential and multi-family 
residential. Temporary staging will take place within the project footprint. Access to the 
site is available from S. 192”d Street. The disposal material will be taken to the Seattle- 
Tacoma Airport third runway construction site. See Table 17-A, Baseline LER Cost 
Estimate Summary for total estimated real estate costs. 

6.0 ESTATES 

6.1 General 

This report is based on the requirement and assessment of fee value for the portions of 
land within a site that is already owned by the NFS, or where the NFS advises they 
reasonable believe they cannot successtilly acquire a fee interest. The NFS has been 
advised that federal regulations prescribe fee interest for restoration type projects. The 
NFS is willing to obtain fee interest when and where possible; however, a majority of the 
sites where acquisition is necessary is based on perpetual environmental easement. See 
Section 7.3 for the easement estate developed for the Green/Duwamish River Basin 
project sites justification for approval through this decision document. The District will 
advise the NFS of the fee requirements again during the project implementation phase. 
Where fee acquisition may not be possible the District will instruct the NFS to use the 
approved environmental estate language. The NFS was provided with all the estates 
piven below for review, and comment at this stage. 

During the PED phase the District.will reconsider the need for bank protection and/or 
permanent.levee easements for the mainstem maintenance projects in place of the 
environmental easement currently proposed and valued for this plan. Listed below is a 
temporary disposal easement. The District will also reconsider the need for disposal sites 
beyond what is currently identified in this report during the PED phase. Finally, note that 
the underlinihg and strikethrough in the standard estates below show non-material 
deviations. 

6.2 Standard Estates 

The standard estates that follow are from ER 405-l-12, Chapter 5, Change 7 of 8 Feb 79. 

1. Fee: The fee simple title to the land described in S&e&& Exhibit A, subject, 
however, to existing easements for public roads and highways, public utilities, raihoads 
and pipelines. 
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2. Flood Protection Levee Easement: A perpetual and assignable right and 
T easement in the land described in S-&&&eExhibit A (Trzcts&c~ a *-*- UIlLL > to 

construct, maintain, repair, operate, patrol, and replace a flood protection levee, including 
all appurtenances thereto; reserving, however, to the owners, their heirs and assigns, all 
such rights and privileges in the land as may be used without interfering with or. 
abridging the rights and easement hereby acquired; subject, however, to existing 
easements for public roads and highways, public utilities, railroads, and pipelines. 

3. Road Easement: A perpetual and assignable easement and right-of-way in, on, 
over, and across the land described in S&e&&-Exhibit A for the location, construction, 
operation, maintenance, alteration, and replacement of (a) road(s) and appurtenances 
thereto; together with the right to trim, cut, fell, and remove therefrom all trees, 
underbrush, obstructions, and other vegetation, structures, or obstacles within the limits 
of the right-of-way; ‘(reserving, however, to the owners, their heirs and assigns, the right 
to cross over or under the right-of-way as access to their adjoining land tit the locations 
indicated in Schedule b);* subject, however, to existing easements for public roads and 
highways, public utilities, railroads, and pipelines. 

4. Temporary Work Area Easement: A temporary easement and right-of-way in, 
on, over, and across the land described in Z&he&&e Exhibit A, for a period not to exceed 
[see individual site requirementsl, beginning with date possession of the land is granted 
to th&&&&States Kinn County, Washington, for use by the United States, its 
representatives, agents, and contractors as a work area, including the right to deposit fill, 
dredge and waste material thereon, move, store, and remove equipment and supplies, and 
erect and remove temporary structures on the land and to perform any other work 
necessary and incident to the construction of the GreenDuwamish River Basin 
Ecosystem Restoration Project, together with the right to trim, cut, fell, and remove 
therefrom all trees, underbrush, obstructions, and any other vegetation, structures, or 
obstacles within the limits of the right-of-way; reserving, however, to the landowners, 
their heirs and assigns, all such rights and privileges as may be used without interfering 
with or abridging the rights and easement hereby acquired; subject however, to existing 
easements for public roads and highways, public utilities, railroads, and pipelines. 

5. Temporary Disposal Area Easement: A temporary easement and right-of- 
way in, on, over, and across the land described in Se&e&&e Exhibit A+m&sXos *-f 

a -f Lu1u 3, for a period not to exceed , beginning with date 
possession of the land is granted to &+FU&&&States King County, Washimzton, for use 
by the United States, its representatives, agents, and contractors as a temporarv disposal 
m, including the right to deposit fill, spoil, and waste material thereon, move, store, and 
remove equipment and supplies, and erect and remove temporary structures on the land 

1 Parenthetical clause may not apply to every road easement proposed for acquisition, and could 
be deleted as necessary. 
2 The parenthetical clause may be deleted, where necessary; however, the use of this 
reservation may substantially reduce the liability of the Government through reduction of 
severance damages and consideration of special benefits; therefore, its deletion should be 
fully justified. Also, access may be restricted to designated points. 
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and to perform any other work necessary and incident to the construction of the 
Green/Duwamish River Basin’Ecosystem Restoration Project, together with the right to 
trim, cut, fell, and remove therefrom all trees, underbrush, obstructions, and any other 
vegetation, structures, or obstacles within the limits of the right-of-way; reserving, 
however, to the landowners, their heirs and assigns, all such rights and privileges as may 
be used without interfering with or abridging the rights and easement hereby acquired; 
subject however, to existing easements for public roads and highways, public utilities, 
railroads, and pipelines. 

6.3 Proposed Environmental Easement Estate 

The following environmental easement estate is provided for review and approval for use 
in cases where the NFS is unable to obtain a fee interest for an environmental restoration 
project site. Some of the lands project site lands identified in this report fall on State Park 
or other public agency lands where the public agency may not be able to convey to the 
NFS a fee interest. Additionally, the N!?S has many years of experience in land 
acquisition along the GreenLDuwamish corridor, which include development rights on 
agricultural lands and acquiring lands for parks and open space. Also, based on input 
from larrdowners during workshops conducted in May 2000, a majority of the landowners 
expressed they will consider granting an environmental easement, but not fee. Some of 
the landowners have been on the land for 4 generations and are not interested in selling 
their land to anyone for any reason. The NFS is concerned that if they were to pursue the 
fee ownership policy it would turn the landowners from being in favor of the overall 
project to one of opposition, and would probably eliminate any opportunity for ecosystem 
restoration in much of the basin. The District and NFS are in agreement that the 
proposed environmental estate is sufficient and recommend it for implementation for the 
sites Green/Duwamish Environmental Restoration Project Sites. 

Environmental Easement: A perpetual and assignable right and easement in, 
on, and across the lands of Grantor described in Exhibit A attached hereto to construct, 
operate, maintain, repair, alter, rehabilitate, remove, replace and monitor project features; 
plantings; and any other improvements within and adjacent to the. stream or shore for 
grade control, channel, bank, and /or shore, and bank stabilization, fish.‘and wildlife 
habitat improvements, and other environmental improvements, including the removal of 
structures or obstructions including levees; the placement of materials or structures in the 
bed, banks, or shorelines that influence stream velocity or channel form, the removal or 
placement of gravels, cobbles, and boulders, and other structures, or conveyances to 
recharge or maintain flow to existing wetlands; reserving, however, to the owfiers, their 
heirs and assigns, all other rights and privileges that may be used without interfering with 
or abridging the enumerated rights and easement hereby conveyed and acquired; all 
subject to existing easements for public roads and highways, public utilities, railroads and 
pipelines. 

6.4 Proposed Shore Protection Easement: 

The following shore protection easement estate is provided for review and approval for 
use in cases where a shore protection easement is determined to be the minimum interest 
required for mainstem maintenance. Past experience with King County is that their shore 
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protection easements generally need to be brought up ‘to COE estate standards before 
implementing a shore protection type project. Also, as previously stated in Section 7.1 of 
this plan, the District will reconsider the need for bank protection during the PED’phase. 
The District desires approval of this estate to have it as an available tool for future use for 
the mainstem maintenance sites, as necessary. The proposed shore protection easement 
presented is similar to the shore protection easement previously approved for the 
District’s use (CERE-AP 2”d End of 4 March 1997) for the Lummi Shore Protection 
Section 103 Project. 

Shore Protection Easement: A perpetual and assignable easement and right-of-way in, 
on, over, and across the land described in Exhibit “A” to construct, operate, maintain, 
patrol, repair, and replace shore protection works, and appurtenances thereto, including 
the right to borrow and/or deposit fill, together with the right to trim, cut, fell and remove 
therefrom all trees, underbrush, obstructions, and any other vegetation, structures or 
obstacles within the limits of the easement; reserving, however, to the grantor(s), (his) 
(her) (its) (their) (heirs), successors and assigns, all such rights and privileges as may be 
used without. interfering with a abridging the rights and easement hereby acquired; 
subject, however, to existing easements for public roads and highways, public utilities, 
railroads and pipelines. 

6.5 Temporary Air Rights for MiddIe Green Gravel Replenishment Sites S-l 
and S-2. 

The following air right easement estate is necessary to facilitate the construction of the 
Middle Green River Gravel Replenishment Sites S-l, and S-2. The Air Right easements 
are intended to allow for a cable and bucket operation across the river. The easements 
will also occur in a lo-year timeframe, and will reportedly be approximately 150 feet in 
height. The District is proposing use of the standard temporary work area easement as 
the base estate with modifications shown by strikethrough and underlined text. The 
temporary work area easement seems the most suitable to meet the proposed ten years of 
placement and monitoring. Following the ten-year period there may be a more suitable 
method for placing gavels in the riverbed. The ten-year period also reduces the darnages 
to the upland owners resulting from a permanent taking. A perpetual environmental 
easement is proposed for placement of gravel in the riverbed from mean high water to 
mean high water. 

Temporary Air Rights Easement: A temporary easement and right-of-way in, on, over, 
and across the land described in S&e&& Exhibit A, for a period not to exceed ten-years 
beginning with date possession of the !an&and overhead air right are granted to &e 
m%ng County, Washintion, for use by the United States, its representativks, 
agents, and contractors for overhead cable and bucket operation over the bed and 
shorelands of the Green River v to deposit ,zravels in the riverbed 3 

Green/Duwamish River Basin Ecosystem Restoration, Middle Green River Gravel 
Replenishment Project, together with the right to trim, cut, fell, and remove therefrom all 
trees, underbrush, obstructions, and any other vegetation, structures, or obstacles within 
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‘the limits of the right-of-way; reservin,, m however, to the landowners, their heirs and 
assigns, all such rights and privileges as may be used without interfering with or 
abridging the rights and easement hereby acquired; subject however, to existing 
easements for public roads and highways, public utilities, railroads, and pipelines. 

7.0 NAVIGATIONAL SERVITUDE 
i 

Navigational servitude for the 47 project is not being exercised for this project. There are 
no project sites that include a nexus to previous Crops of Engineers Project where 
navigational servitude was exercised in aid to navigation. 

8.0 PUBLIC LAW 91-646 AND ACQUISITION 

The NFS has been advised of Public Law 91-646 as amended. The NFS has land 
acquisition experience and is fully capable of acquiring any lands necessary for the 
project. Exhibit B provides a detailed assessment of the NFS’s real estate acquisition 
capability. 

Before advertisement for construction for each site, the NFS will make all lands, other 
than USACE owned lands, necessary for the project available to the Federal Government 
by a Certification of Lands and Authorization for Entry and an Attorney’s Certificate 
presented in Exhibit C. The NFS will provide the USACE, within 180 days after 
authorization of entry for construction, supporting LERRD credit documentation, 
including appraisals for crediting purposes for NFS lands made available for a project 
site. 

9.0 RELOCATION ASSISTANCE BENEFITS 

No relocation assistance benefits are anticipated to be required for the implementation of 
the project. There are no families or businesses that will temporarily or permanently be 
displaced. 

10.0 ZONING . 

There are no zoning ordinances proposed in lieu of or to facilitate acquisition in 
connection with this project. 

11.0 MINERAL INTERESTS 

At this time the USACE is not aware of any outstanding mineral interests in the vicinity 
of the project that may affect implementation of the project. 

12.0 HAZARDOUS AND TOXIC WASTES 

The USACE will performed an investigation to identify the presence of hazardous and/or 
toxic wastes (HTRW) and level of HTRW during the PED phase. A tiered investigation 
and binary decision approach will be performed during PED. 
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To date it was determined there is a potential for hazardous wastes to enter the 
Green/Duwamish River, and consequent sediment contamination is of most concern in 
the lower river. Because there is a potential for encountering hazardous materials at 
restoration sites, particularly in the lower basin, the potential for hazardous waste will be 
evaluated on a project-by-project base. Land use practices at each restoration site will be 
examined to determine if there is a reason to believe that potential contamination exists. 
If a determination is made that there is contamination potential; then the proper sampling 
intensity will be conducted to determine the type and extent of contaminants. Where 
appropriate, soil testing will occur and all applicable policies and regulations will be 
followed. If testing indicates that there are contaminants at a site, the site will be cleaned 
up in compliance with pertinent regulations, policies and laws. If the contamination is 
too severe, the project will be abandoned. 

Further investigation and clean up requirements will be in accordance with current 
policy, laws and the Project Cooperation Abeement. 

The estimated fair market value of the lands for this report was valued based on the 
assumption the larids are not contaminated. Following future determination of the 
existence of CERCLA regulated materials the sites will be dropped. If materials not 
regulated by CERCLA are discovered, the land shall be appraised as it exists. 

13.0 LANDOWNER’S VIEWS AND PUBLIC OPPOSITION 

Landowners that have attended the public meetings and workshops held to date and have 
basically accepted all the proposed restoration projects. No public opposition has been 
noted to date. 

14.0 Outstanding Third Party Interests 

All property interest acquired in support of the proposed project must take priority over 
any third party interests such as: public roads and highways, public utilities, railroads, 
anh pipelines. Any third party interests that could defeat or impair the NFS’s title to the 
property or interfere with construction, operation and maintenance of the project must be 
cleared from the title or subordinated to the interest made being available for the project. 
As stated in paragraph 16.0 of the report, there are no utility or facility relocations 
anticipated at this time. 

15.0 Risks Associated with Advanced Land Acquisition 

The Ni?S was advised of the risks (summarized below) associated with advance land 
acquisition activities. The District supports the i%rFS’s desire to move ahead with land 
acquisition activities in advanced of signing the Project Cooperation Agreement, and will 
provide the NFS with Federal review and assistance. 

A summary of risks associated with advance land acquisition activities include, but is not 
limited to the following: 

l Congress may not appropriate funds to construct the proposed project. 
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l The proposed project may otherwise not be funded, or approved for construction. 

l A Project Cooperation Agreement (PCA) mutually agreeable to the NFS and the 
Government may not be executed and implemented. 

l The NFS may incur liability and expense by virtue of its ownership of contaminated 
lands, or interests therein, whether such liability should arise out of local, state, or 
Federal laws or regulations including ‘liability arising out of CERCLA, as amended. 

l The NFS may acquire interests or estates that are later determined by the Government 
to be inappropriate, insufficient, or otherwise not required for the project. 

a The NFS may initially acquire insufficient or excessive real property acreage which 
may result in additional negotiations and/or benefit payments under Public Law 91-. 
646 as well as the payment of additional fair market value to affected landowners 
which could be avoided by delaying acquisition until after PCA execution and the 
Government’s notice to commence acquisition and performance of their lands, 
easements, and rights-of-way activities. 

l The NFS may incur costs or expenses inconnection with its decision to acquire or 
perform their lands, easements and rights-of-way activities in advance of the signing 
of the PCA and the Government’s notice to proceed which may not be creditable 
under the provisions of Public Law 99-662 or the PCA. 

16.0 UTILITY and Facility Relocations 

No utility and facility relocations are anticipated to be required. 

17.0 COST ESTIMATE FOR LANDS EASEMENTS AD RIGHTS-OF-WAY 

17.1 Baseline Cost Estimate 
The baseline cost estimate presented in Table 17-A includes a breakdown of the 
estimated fair market value of project lands, the NFS’s acquisition costs, and Federal 
review and assistance costs. NFS acquisition costs include incidental acquisition costs 
such as title, survey and appraisal, and negotiation costs; recording fees; and legal fees. 
Federal review and assistance costs include those costs associated with providing the 
NFS with LERED requirements, review of acquisitions and crediting appraisals, 
coordination meetings, review of right-of way documents, legal support, and crediting 
activities. The total cost of LER acquisition is estimated to be approximately 
$37,961,000. 
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TABLE 17-A 
Baseline LER Cost Estimate Summary 

SITE 
NO. 

SITE NArYE TOYAL 
ACRES 

... 

LANDVALUES NON-FEDERAL FEDEFs+L TOTAL LAh’D 
sPoNscxs GOVl REVlEW COSTS PER !XE 

ADMiNlSlRAllVE &ASSISTANCE 
COSTS COSTS 

1 Pig spring creek 14.90 s 

2 BiadcRiverh4rsh 4.86 _ 
3 &-unnerSlcugh 16.10 5 
4 BumsCreekRestoratiCfl 24.27 5 

3.40 s 

19 LwSpn'r .J-'-. --*, , --..- - -, ---, - - - -.---,--I 

20 ~instem~ntenance(PYbumtoBlictBay) 140.30 $ 6,957,0[xl 5 80.003 5 19,mJ s 7.~,003 
21 Maycreek 6.50 5 WJJ 5 14,003 5 4.030 s 27,Mx) 
a fuhmmif~wk 35.94 5 3mal 5 27.CG.l 5 7.0x s 84.ocil 

k 
1 -, . . -- -. --. . 

hAGr(i5l \/nllcNr rrcok mrnlls 

- l~__ 

I 3721 s wncnls !imls 119fx-n 
23 IIwIYIaI, .“a”, L”w. -- I , - - - T - -, - - - - _,___ _ .",-".a 

24 Mddle &eI River &vel RepiaEm?nt 78.82 5 353.m 5 ffi.ooo 5 25,003 s Qmco 
25 Mddle Green Piver Large Wy Ckbris 41.25 s 142770 5 359ml 5 95,cm s 593,770 
26 MII c-reek East . ..., --..--- 74.19 % 3.263.030 5 159.m 5 42.(xX1 S 3.r;d.cxx 
- h&l, Prnnk f-h&&m R~srh I IF;471 s M7rml R 7’rmI t% 3’mI s P&i7 ml ZI I”,I,uclr\t~..-~-u~ .-, ,, y IIv”-- y .,--- - _,___ _ e-,-11 

28 MliCf&MzdinoRe.ach 65.22 5 3,750.ooo 5 m?xl 5 16,003 S 3.852,KQ 
29 Mll Cm& scfiuler Brothers Reach 93.66 $ 745.003 $ 53,oco 5 11,003 s moo0 

1 

30 Mll Creek, Wetfad 5K f34-1 41.93 5 752,033 $ 33,003 5 8,0(x) S 793,cco 
31 h4~lknSlcx~hReach I 91.85 5 684,ccQ 5 ffi,O3l(5 13,003 s 763JB.l 
32 INEAubumCreek 11.64 $ 6830315 14,col s 4,033 s ffi,3clJ 
911 Ikh.mIhI~Q&& 224.co $ 1,806,003I5 839,m 5 147,cKn s __~___ 2.79ZXl 

kek l.co 5 2,500)5 7,ccQ 5 3,003 s 12,503 
SIC r, dwxt Rrjert n?n s 77oolp. 7.m s 3rm s 177l-n 35 a=flCreE. \-l.....l1.g".." -.-- _ .,.__ _ I - _,___ - ,. WV 

38 as0ncreek 7.59 5 26,ooo 5 14,ccDl 5 4,m s wD3 
37 porter Levee Sethe 31.64 5 237,003 $ 7JB3~5 3,ooo s 247,030! 

38 FmticeNursery 4.86 5 33w 5 27,&X/ 5 7,001) s 67,ooo' 

39 Ray Creek Trib Ch-rickr 29.31 5 281,(xX) 5 33,Mx)l$ 8,cm s 322oix, 

/ 

40 RiversideI ~taksSideChannsl 
I>- K----I 41 F&eFtcn8~4eumme1 

42 RcedinTRJVk3tershed 

43 Sitel, lZumrrish 

44 ~SurdayCreekRi@rianRantings 
*E ICI.-DVr-rG4 - ,.a,WLI"J --I 

46 ITuriey Levee Setback 

11.401 5 s2W)5 33,003)5 8,@X(S 123,003 
I -3 "01 c .Tn, rnn I c T.-lNnIc 7nmlE r140- 
I J.-m J JJl,Lu.J 9 .3J,-, + 

103.76 5 77,803 5 M,000(5 s:; ; 
91c+AkJ 

' 103.800 

I 2825 933,ooo 5 14,cco15 4,cco s 951,003 

I 70.251 5 7,030(5 14,030) 5- 4,m 3 s 25,ocu! 

I n?A s -.- - ml.% --- _ ;r.mol% 3wi -..A s 10,3cQi 

12.94~5 WXJI5 14,coO~ 5 4,mls 113,cm ~-- ~~ ~- 
47 l&e?Gre w River .Side tirtnel Enhancerrent 1 12511 $ Ea.033 I $ aO,ooOl% l8,ooL)I S Em3 
4-8 l&lp3*~.,,-~r,rn irvl- Pr-k I 3111 p. .-.a- 7 1sm-lI !Jz ..,(Iwv .+. 7fx?ol% .,--- - .7mls -(VW” - 7s l-m --,w-- 

SUBTOTAL 1464.64 $ 26894,720 5 283om 5 644033 .s ?0,?&3,720 

25%cultiQe~ 5 6.723.~ 5 707,500 5 161,0X1 S 7,92,180 

GRANDTOTAL M&4.641$ 33,614400 $ 3537,500 $ ewm s 37,960,900 
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17.2 LER Cost Estimate by Construction Phase i 

It is anticipated that the proposed project will be constructed in three phases spanning 
from 2003 to 2012. These construction phases are summarized in Table 17-B. Phase 1 
construction starts are between 2003-2005 with some site construction continuing until 
2012. Phase 2 construction starts are scheduled to occur between 2006-2008 with some 
site construction continuing until 2012. Phase 3 construction starts are between 2009 & 
2010 with construction continuing until 2012. A cost estimate breakdown by 
construction phase is provided in Tables 17-C, 17-D and 17-E. 

Phase 
I 
I 

I 
I 

I 

I 
I 
I 

I 

I 

I 
I 

I 

I 

Construction Phases By Site 
Table 17-B 

NFS Acquisition 
Project Site Construction Construction & Certification 

Name start End Period 

Codiga Farms 2003 2004 8 months 
Flaming Geyser 2003 2009 8 months 
Land Slide 
Gilliam Creek 2006 6 months 

Middle Gre’en Gravel 2003 2012 14 months 
Replacement 
Sites Sl, S2, Cl & 
c2 
Duwamish 2004 2008 12 months 
Site 1 
Elliot Bay Nearshore 2004 2006 12 months 
Green River Park 2004 2006 8 months 
Hamakami Levee 2004 2006 8 months 
Breach 
Mainstem 2004 2006 8 months 
Maintenance - 
Russell Road Upper 
Setback Restoration 
Middle Green Large 2004 2006 12 months 
Woody Debris 
(LWD) Sites BAJ19, 
20 &MAJ6; 
BAJ25, BAJ28; 
BAJ29 & 30 
Prentice Nursery 2004 2006 11 months 
Turley Levee 2004 2006 8 months 
Setback 
Flaming Geyser Side 2005 2012 9 months 
Channel 
Horsehead Bend 2005 2010 8 months 
Side Channel 
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Table 17-B Continued 
NFS Acquisition 

Project Site Construction Construction & Certification 
Name Start End Period 

Phase 
I Lones Levee 2005 2007 11 months 

Setback .’ 
I Mainstem 2005 2007 6 months 

Maintenance 
Russell Road 
Lower Setback & 
Restoration 

I Middle Green 2005 2007 8 months 
LWD Sites 
BAJ33-36 
MJl l-MJ13 

I Mullen Slough 2005 2008 18 months 
Reach 

I Riverside Estates 2005 2008 8 months 
Side Channel 

I Rivet-ton Side 2005 2008 11 months 
Channel 

II Mainstem 2006 2008 8 months 
Maintenance 
Boeing Setback 
and Restoration 

11 Burns Creek 2006 2010 24 months 
II Lake Meridian 2006 2009 8 months 

Outlet 
II Meridian Valley 2006 2008 11 months 

Creek 
Middle Green 2006 2008 24 months 

II Large Woody 
Debris Sites 
BAJ 6, BAJ7 & 
BAJ8; BAJ9; 
BAJ12, BAJ13 
&BAJ14 

II Mill Creek East 2006 2012 
II Mill Creek, 2006 2010 14 months 

Schuler Brothers 
Reach 

II Porter Levee 2006 2010 NFS already owns 
Setback the lands. 

II Brunner Slough 2007 2011 12 months 
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Table 17-B Contin - 

Project Site Construction 
Name Start 

.ued 

-qgqTzgz 

II 
II 
II 

Restoration 
Garrison Creek 
Keach Levee 
Middle Green 

2007 
2007 
2007 

Large Woody 
Debris Sites 
BAJ23, BAJ24 
MJ8, MJ9; 
BAJ3 1, BAJ32, & 
MJlO . 

II Mill Creek, 2007 

n Mainstem 2008 
Maintenance 
Fenster Setback 
and Restoration 

II Middle Green 2008 
Large Woody 
Debris Sites 
MJl & BAJ3 to 
MJ3 

II Mill Creek, 2008 
Wetland 5K Reach 

III Newaukum Creek 2009 

III Upper Green Side 2009 
Channel 
Enhancement 

2009 8 months 

2012 
2012 
2010 

I 
30 months 

8 months 
11 months 

2010 24 months 

2012 1 12 months 
2012 8 months 
2010 12 months 
2012 12 months 
2010 11 months 

2010 24 months 

I 
12 months 
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Phase 

III 
III 
III 

III 
III 
III 

LII 

III 
III 
III 

III 

III 
III 

III 
III 

Project Site 
Name 

Gale Creek 
Gold Creek 
Lower Springbrook 
Creek 
May Creek 
May-wood Creek 
Middle Green 
Large Woody 
Debris Sites 
BAJlO, BAJll; 
BAJ26 & BAJ27 
Mill Creek, 
Geodeke Reach 
Northeast Creek 
01 sen Creek 
Ray Creek 
Tributary 
Russell Road 
Lowest Setback 
and Restoration 
Sweeney Creek 
Sunday Creek 
Riparian Plantings 
TPU Roads 
Big Spring Creek 

Table 17-B Continued 
1 NFS Acquisition 

Construction 
start 

Construction & Certification 
End Period 

2009 2010 11 months 
2009 2011 12 months 
2oq9 2012 5 6 months 

2009 2010 12 months 
2009 2010 12 months 
2009 2011 24 months 

2009 2012 6 months 

2009 2010 12 months 
2009 2011 12 months 
2009 2012 12 months 

. 2009 
I I 

2011 ( 8 months 

2009 2010 12 months 
2009 2012 12 months 

2009 2012 12 months 
2010 2012 14 months 

Table 17-C LER Cost Estimate for Phase I Construction (2003 - 2012) 

Land Values 

N’FS Administrative Costs 

Federal Review and Assistance Costs 

Subtotal 

25 % Contingency 

Total Phase I 

$4,753,000 

$ 450,000 

$ 132,000 

$5,335,000 

$1,334,000 

$6,669,000 
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Table 17-D LER Cost Estimate for Phase II Construction (2006 - 2012) 

Land Values 

NFS Administrative Costs 

Federal Review and Assistance Costs 
I’ 

Subtotal 

25% Contingency 

Total Phase II 

$15,6?5,000 

$ 930,000 

$ 215,000 

$16,790,000 

$ 4.197,ooo 

$20,987,000 

Table 17-E LER Cost Estimate for Phase III Construction (2009 - 2012) 

Land Values $6,497,000 

NFS Administrative Costs $1,450,000 

Federal Review and Assistance Costs $ 297,000 

Subtotal $8,244,000 

25% Contingency $2,061,000 

Total Phase III $10,305,000 
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Exhibit A 

Real Estate Drawings 

Prepared by 
King County, Washington, Non-federal Sponsor 
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Green River Watershed 

Road Access 
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Green River Watershed 

Road Access 
Sheet 2 of 2 a 

N 

April 7, 2000 
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En 
15 

BIG’ SPRING CREEK 

3 I 

Vandewaal .4 Acre 
152006-9028 

samodurov 

152006-9029 

! 
I 

I t 
* 
I I 
Strong i 

152006-9005 I 

-. .____ 
I 

.- 

Scale: I” = 500’ 
t 

N 

Big Spring Creek Project 
Non-Standard Environmental Easement 
Situated in Section 15, Twp 20N, R. 6’E., WM. 
King County, Washington 

Legend 
I 

Fee 
14.9 Acres 

4/4/00 



BLACK RIVER MARSH 
. 

I Legend 

Is Env. Easement 
4.53 Acres 

Permanent Access 

EEI 
Needed as Shown 
From Monster Rd.: 32’xllO’ - .08 Acre 
From S. 140th St.: 32’xlOO’ - .07 Acre 

Ezl # Fee .I8 Acre 

Scale: 1” = 255’ 

Y I 

-. 

Black River Marsh Project 
N 

Non-Standard Environmental Easement 
Fee interest on King County parcel 
Situated in Section 14, T 23N., R 5E., WM. 
King County, Washington 

S/16/00 
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Brunner Slough 

Legend 

. . 
E3 .v Fee 

15.1 Acres 

1 Acre Temporary Staging 
Area Needed as Shown 
* Not to Scale 

Scale: 1” = 400’ 
t 

Brunner Slough Project 
N 

Fee interest to be acquired 
Situated in Section 11, T 21N., R 7E., WM. 
King County, Washington 
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ENWRONMENT.U,EASE~~ENT 
O'Shea 
252105-9020 
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O’Shea 
252 105-9003 -. _ 
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252105-9048 
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BaX 
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Pedersen 
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Legend Scale: 1” = 400’ 
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2.0 Acres 
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1 Acre 
Phillips 

Env. Easement 
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22 Acres BUITIS Creek Project N .9 Acre 
Auburn Youth Service 

q 
Non-Standard Environmental Easement 
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Area - 1 Acre 
King County, Washington Bell 

252105-9077 _ 

q Access needed as 
shown (not to scale) 
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1 Acre 
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2 Acres 
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3.6 Acres 
McKenna 
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1.9 Acres 
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CODIGA FARMS 

Scale: 1” = 190’ t 

Legend 

Env. Easement 
3.4 Acres 

N 

Codia Farms Project 
Situated in Section 11, Twp 23N, and R.4E. WM. 
King County, Washington 
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DUWAMISH SITE 1 

Scale: I”= 125’ 

Legend 

Env. Easement Site 1 Duwamish Project 

2.82 Acres Situated in Section 4, Twp 23 N, R. 4E., WM. 
King County, Washington. 

t 

N 
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FLAMING GEYSER 
SIDE CHANNEL 

- I“” l ’ --- 

t’ 

: 

I 

b 

“. 

I 

WA STATE 
PARC4 

272 106-9005 

C- I 

Legend 
I 

Env. Easement 
25 Acres 

Scale: 1” = 450’ 

Flaming Geyser Side Channel Project 
Non-Standard Environmental Easement 
Situated in Section 27, Twp 2lN, R. 6E., WM. 
King County, Washington 

a 

t 
N 

3127100 



FLAMING GEYSER 
SLIDE 

Leaend 

Fee Interest 
10 Acres 

Permanent Access 
needed as shown 
(not to scale) 

Scale: I” = 375’ 
t 

Flaming Geyser Side Channel Project N 
Fee interest owned by King County 
Non-Standard Environmental Easement on DNR Parcel . 
Situated in Section 28, Twp 21N, R. 5E., WM. 
King County, Washington 
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GALE CREEK 

*,* 
---- 

/e 
.a 

- 

Legend 

120x120 ft 
Environmental 
Easement 
.33Acre 

Temporary Work 
Area .30 Acre 

Temporary Work Area I 

\ 
\ 

\ 

Scale: 1” = 660’ 

Gale Creek Culvert Project .z 
Non-Standard Environmental Easement N 
Situated in Section 8, Twp 20N, R. 09E., WM. 
King County, Washington 
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GktRISON 
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CREEK 
Garrison Creek Project 
Non-Standard Environmental Easement & 
Fee Interest to be Acquired by King County 
Situated in Section 7, Twp 22N, R. 05E., WM. 

WA ! 072205-9042 1 *f.*‘-. A7-?---:E 
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.-S 

5 ..I 
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.-- II-4 -1-l-l 

Legend 

King County, Washington 

Access Scale: 1” = 400’ 
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Fee 
2.09 Acres 
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GILLIAM CREEK 

13 

Legend 

lzzl Env. Easement 
4.2 Acres 

Temp Stage Area 
.2 Acre 

Gilliam Creek Project 
Non-Standard Environmental Easements 
Situated in Section 23, T 23N., R 4E., WM. 
King County, Washington 

l *Temp Stage Area not to scale. Env. Easement width not to scale. 
WA DNR not to scale. 
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GOLD CREEK 

3 

0 

I 3.233 AC 

I 
I 

2 
d, 0 32.36 

AC 

I 

Legend 
Gold Creek Project 

Scale: 1” = 650’ 
t 

T I?( 
Environmental 
Easement 
.27 Acre 

Non-Standard Environmental Easement 
Situated in Section 14, Twp 20N, R. 09E., WM. 
King County, Washington 

I= Temporary Work 
Area .30 Acre 
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GREEN RIVER PARK 

Permanent Access Green River Park Project 

Needed as Shown Proposed Non-Standard Environmental Easement 
.12 Acre Situated in Section 25, Twp 22N, R. 4E., WM. 

King County, Washington 

**Temp Stage Area & Permanent Access are not to scale. 



HAMAKAMI LEVEE 

\ . 
z \ ,,.e 0 --- --- 

ALLEIYRD. 
. - 1-I 

HAhuQua 
; 262105-w 

Scale: 1” = 350’ 
c t 

Env. Easement 
needed as shown 
Total 1.4 Acres 

Hamakami Levee Project 
Non-Standard Environmental Easement 

Access Easement 
needed as shown 

‘Total 1.8 Acres 

Situated in Section 26, Twp 21N, R. 5E., WM. 
King County, Washington 
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IRSEHEAD BEND &, 
SIDE CHANNEL 

Legend 

Fee 
11.90 Acres 

Permanent Access 
Needed from 
86’Ave. S. 
(2.16 Acres) 

.40 Environmental 
Easement 

T-..‘- FG.-,?? I”a y..2..I 7. _,-. ,-- __ . . ,.. z. _.> ..,~ .( . . . . . .- i - ..- . ,-. 

Scale: 1”=350’ t 

Horsehead Bend Project 
Fee Interest owned by King County 
Situated in Section 30, Twp 22N, R. 5E., WM. 
King County, Washington 
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KEACH LEVEE 

. 

HORATH 
I - -- 

i 

Leeend 

Fee 
2.4 Acres 

Env. Easement 
2.2 Acres 

Access Needed 
as Shown on 
CC Dubois Rd. 

Scale: 1” = 260’ 

Keach Levee Project 
Non-Standard Environmental Easement & 
Fee interest in King County 
Situated in Section 22, Twp 21N, R. 5E., WM. 
King County, Washington 

N 

3:27lOO 



LAKE MERIDIAN. OUTLET 

262205-9126 

1.2 Acres 

(’ 300 s 10’) -,- 

Env. Easement 
8.19 Acres 

Permanent Access 
Needed as sho~vn 
32’ S 160’ (. I Acre)’ 

Scale: 1”=34()” 

Lake Meridian Outlet Project 
t 

Non-Standard Environmental Easement N 
Situated in Section 26, Twp 22N, R. 5E., WM. 
King County, Washington 

*Access Easement is not to scale 
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LONES LEVEE 

*. ‘5. -. I 
O’SHEA W. ‘\ 252105-9012 

rpruooa bBnwA k 
‘I iRADFORD ‘ 0 

x e. 252105-9063 
.T 

‘\ 
’ ? 

\ 

Lones Levee Project ecr N N WV. r( ----h* 
Fee Interest to be acquired by King County 
Non-Standard Environmental Easement 
Situated in Section 25, Twp 21N, R. SE., WM. 

, 

-_ _ 

*. 

Scale: 1” = 120’ 
t 

Fee 
27.4 Acres 

Env. Easement 
2.5 Acres 

permanent Access 
needed as S~O~ 

ed In &cZon 25, Twp 21N, R. SE., WM. 
County, Washington e, ,a-bq ,nn King County, Washington 
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MAINSTEM MAINTENANCE SITES 

BOEING SETBACK AND RESTORATION SITE 

CARROTT PATCH SETBACK AND RESTORATION 

FENSTER SETBACK AND RESTORATION 

RUSSELL ROAD UPPER SETBACK AD RESTORATION- -. 

RUSSELL ROAD LOWEST SETBACK AND RESTORATION 

RUSSELL ROAD LOWER SETBACK AND RESTORATION 
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.%~w~d in Scctwo 2. Ty, 22N. R 4E.. WM 
K,ng county W,rh!“gwJn 
ACCCIS ,o ss,c from 5 212Lh St k S loOti SI 
IhrpJul- onrm or a, Id iwnrry pwccl 

t.:.;.:.:.:.:; Fee 10 5 Acres 

\ .i E~fo~mncd Easemsnl 

BOE:NG COMPANY 
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Russell Road Upper Setback and Restoration 
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Ru,,~!! Road “,xm Salback .nd R~1Ior~ll0n 
Road ra!o~.&n WR DCNI pdor (0 II.M Or prqad 
Stua!cd an Sackm 14 Tvq 22N. R 4% WM 
King County Wsstinglon 
Access to ~110 frcm SE 330th ST i 4th St SE 
Dlstxm!. Ormts or al 3rd Runway ~rojecl 
SlagIn:. Onsits 

I Envirmmenlal Easement 
14 6 PCICI --- 

0.44cres "-"':r 

.--_I / ,y(&&& ,..’ :% -I-’ 0.3 Acres ,: 



Russell Road Lowest Setback and Restoration ,, 

2 &ii2 
1122049176 

0.4 Acres 
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Russell Road Lower Setback and Restoration 
2hF 

II 
City of Kent 

-\ 

RUIII,, Road Lwr Sslback and RsrtofsllOrI 
Raad Relocation *All occu? pdof lo stat-l of polacl 
Stuated In SectIon 14 TVQ 22N. R 4E.. WM 
Kfng County WashIngton 
Accasr IO site from Rutrell Road 
C~sposal- Oosik or at 3rd Runway project 
S:aging- Onsita 
: .. .c..:: 
. . . :.::I Envlronmenlal Eansmenl 10 5 Acres 
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MAY CREEK 

Twoma Public Utilities _ 

Scale: 1” = 660’ 
t 

Legend 
May Creek Culvert Project N 

Env. Easement Non-Standard Environmental Easement 
6.2 Acres Situated in Section 11, Twp 20N, R. 09E., WM. 

King County, Washington 
Temporary Work 
Area .30 Acre 



MERIDIAN VALLEY 
CREEK PROJECT 
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272205-9178 

1.9 Acres 

272205-9176 

-2 Acres 
I 

‘3 E 

I 

63 
y. Fee 

l g .I3 Acres 

q Env. Ihxnent 
2.10 Acres 

Scale: l”= 160’ 

Meridian Valley Creek Project 
Non-Standard Environmental Easement 
Situated in Section 27, Twp 22N, R. 5E., WM. 
King County, Washington 
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MIDDLE GREEN RIVER 
GRAVEL REPLENISHMENT SITES 

Sites S-l 
s-2 
C-l 
c-2 



Plum Creek Timb& 
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I 12009-9001 

4 Acre! 
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I Tacoma Public Utilities 
112009-9003 

t 7- Tacoma Public Utili 

Maywood Creek Project 
Non-Standard Environmental Easement 

Situated in Section 11, Twp ZON, R 09E., m 
King County, Washington 

Legend 

Environmental 
Easement 
34 Acres 
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Gravel ReDlenishment 
Site Sl . 
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WA DNR 

I9 Acres 

Leeend 

Env. Easement 
19 Acres below 01-I WM 

Permanent Access 
needed as shown 1.46 Acres 

2.25 Acres - 10 year Temporary 
Construction Easement 

Gravel Replenishment Site S 1 
Non-Standard Environmental Easement on DNR 
Situated in Section 2.5, Twp ZIN, R. 6E., WM. 
King County, Washington 

I I 
I 

252106-9001 

I 
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Scale: 1” = 700’ <t 
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Gravel Redenkhment 
Site Cl 

/ 9 ‘J 
p/ 
4 

P &?f;,, P \ . 
e 

0 -- 

I Legend 

Env. Easement 
21 Acres below OHWM 

EElI 
Permanent Access 
needed as shown .28 Acre 

1 Acre - 10 year Temporary 
Ccmstruction Easement 

Scale: 1” = 430’ t 

N 
Gravel Replenishment Site Cl 
Non-Standard Environmental Easement on DNR Parcel 
Situated in Section 27, Twp 2l.N, R. 6E., WM. 
King County, Washington 

S/l YOO 



Gravel Replenishment Site 2 

Washington State Parks 

192107-9030 

Legend 

Env. Easement 
16.8 Acres below OHWM 

Permanent Access 
needed as shown .90 Acre 

a 10 year temporary construction 
easement 1.25 Acres 

t 
Scale: 1” = 680’ 

N 
Gravel Replenishment Site 2 
Non-Standard Environmental Easement on DNR Parcel 
and 1 O-year Temporary Construction Easement 
Situated in Section 19, Twp 21N, R. 7E., WM. 
King County, Washington 

Y10100 

. 



Gravel Replenishment 
Site C2 

Legend 

Env. Easement 
13 Acres below OHWM 

tfEil 
Permanent Access 
needed as shown .81 Acres 

q 1 Acre - 10 year Temporary 
Construction Easement 

Scale: 1” = 600’ t 

N 
Gravel Replenishment Site C2 
Non-Standard Environmental Easement on DNR Parcel 
Situated in Section 10, Twp 21N, R. 7E., WM. 
King County, Washington 

51 I s/o0 



MIDDLE GREEN LARGE WOODY DEBRIS SITES 

SITES BAJ3 to MJ3 
BAJ6 to BAJS 
BAJ9 
BAJlO, & BAJll 
BAJ12 - BAJ14 
BAJlS - BAJl8, & MAJS 
BAJ 19, BAJ-20, & MAJ6 
BAJ21, BAJ22 & MJ7 
BAJ23 & 24 and MJ8 and MJ9 
BAJ 25 _.-. 

BAJ 26 to BAJ27 
BAJ 28 
BAJ 29 & 30 
BAJ 31,32 & MJlO 
BAJ 33 to 36, & MJll, and MJ13 
MJl 



LOG JAM SITES 
MJl 

Legend 

Env. Easement 
.23 Acres below OHWhl 

Permanent Access 
needed as shown 
.24 Acres 

Log Jam Sites MJI 

- 

1” = 215’ 

t 

Scale: 

Fee interest & Non-Standard Emw-onmental N 
Easement on DNR Parcel 
Situated in Section 17, Twp 21N, R. 5E., WM. 
King County, Washington 
Note: All Jam footprints are 100x200 feet, Meander Jams (MJ) are 
50% in-river and 50% upland. 4/17/00 



LOG JAM SITES 
BAJ3TOMJ3 

172105-9039 

Asp/Chavcs!Pautske 

Access 

2Ox1415ft 

65 Acre 

.KvRJ 

Awes, 

2OXlSOff 

07 Acre 

I.crrcnd 

Env. Easement 

2.30 Acres bclo\v OH\!‘\1 

Permanent Access 
needed as shown 
2.07 Acres 

Scale: 1” 330’ 

Log Jam Sites MJ 1 t 
Fee intcrcst SC Non-Standard hvironmental T 

h 
Easement on DNR Parcel 
Situated in Section 17, Twp 2 1 N, R. 5E., WM. 
King County, Washingtdn 
Note: All Jam footprints are 100x200 feet, Meander Jams (hll) arc 
50% in-river and 50% upland and Bar Apex Jams (BAJ) arc 100% in water. 

4’17100 



LOG JAM SITES 
BAJ6 TO BAJS 

Legend 

En\!. Easement 
.92 Acres below OHM%4 

3t’. 

Permanent Access 
needed as shown 
1.11 Acres 

---L 
-----SW.-. 

-. 

Scale: 1” = 330’ 

Log Jam Sites BAJ6 to BAJ8 
Fee interest & Non-Standard Environmental N 
Easement on DNR Parcel 
Situated in Section 2 1, Twp 2 IN, R. 5E., WM. 
King County, Washington 
Note: Ail Jam footprints are 100x200 feet, hleander Jams (MJ) are 
50% in-river and 50% upland and Bar Apex Jams (BAJ) arc 100% in water. 



LOG JAM SITES 
BAJ9 

222105-9014 

Leeend Scale: 1”s 310’ 

Env. Easement 
.46 Acre below OHWM 

Permanent Access 
needed as show 
.21 Acre 

N 
Log Jam Sites BAJ9 
Non-Standard Environmental 
Easement on DNR Parcel 
Situated in Section 22, Twp 21N, R. SE., WM. 
King County, Washington 
Note: All Jam footprints are 100x200 feet, Meander Jams (MJ) are 
50% in-river and 50% upland and Bar Apex Jams (BAJ) are 100% in water. 

4/ I7d-m 



LOG JAM SITES 
BAJ 10 & BAJ 11 

x$M;-9028 @ 
.\9 Am I 

, --.- 
J *-- 

-\4 “0 - 
272105-9004 

King County 
.24 Acre 

w 
. 1 : $ 

ii? 

$i 
272105. 

-2 wing 

AL.14 Acre 
- 

Leeend 

q Env. Easement 
.92 Acre below OHWM 

Permanent Access 
needed as shown 
.72 Acre 

272105-9153 f 

Forderer 
.15 Acre I 

Scale: 1” = 270’ 

Log Jam Sites BAJ 10 & BAJ 11 
Non-Standard Environmental N 
Easement on DNR Parcel 
Situated in Section 27, Twp 21N, R. SE., WM. 
King County, Washington 
Note: All Jam footprints are 100x200 feet, Meandir Jams (MJ) are 
50% in-river and 50% upland and Bar Apex Jams (BAJ) are 100% in water. 



LOG JAM SITES 
BAJ.12 through BAJ 14 

Legend 

Env. Easement 
1.38 Acre below OHWM 

Permanent Access 
needed as shown 
1.2 Acres 

Scale: 1” = 400’ 

Log Jam Sites BAJ 12 through BAJ 14 
Non-Standard Environmental 
Easement on DNR Parcel 
Situated in Section 26, Twp 21N, R. 5E., WM. 
King County, Washington 
Note: All Jam footprints are 100x200 feet., Meander Jams (MJ) are 
50% in-river and 50% upland and Bar Apex Jams (BAJ) are 100% in water. 

4f24ioo 



LOG JAM SITES 
BAJ 15 through BAJ 18 & MAJ 5 

I ‘, 2621 

r Kmg 

.23 P are 

Legend 

lzl Env. Easement 
2.07 Acres belo\{, OHWM 

Permanent Access 
needed as shown 
1.4 Acres 

Fee interest .23 Acre 

0ShS6 I ; 

: County j 1 

Scale: 1” = 480’ 

Log Jam Sites BAJ 15 through BAJ18 & MJ5 t 
Non-Standard Environmental Easement on DNR Parcel N 
Fee Interest on King County Parcel 
Situated in Section 26, Twp 21N, R. SE., WM. 
King County, Washington 

Note: All Jam footprints are 100x200 feet, Meander Jams (MJ) are 
50% in-river and 50% upland and Bar Apex Jams (BAJ) are 100% in water. 

4r24m 



LOG JAM SITES 
BAJ 19 & BAJ 20 and MAJ 6 

252 I (75%I69 

Kmg C‘ounly ‘252105-9068 
20 *ire i 1 

\ 
King County 

I 

1’ 

,i / 

I 
_ii^” 1-l 1’ 

. 
Scale: 1” 300’ 

Log Jam Sites BAJ19 & BAJ20 and MJ6 t 
Xon-Standard Environmental Easement on DNR Parcel 
FCC Intcrcst on King County Parcel N 

Ikrmanent Access 
needed as shown 
1 .o Acres 

Fee intcrcst .23 Am 

Situated in Section 26, Twp 21N, R. 5E.. WM. 
King County, Washington 

Xotc: All Jam footprints arc 100x200 feet, Mcandcr Jams (MJ) arc 
50% in-river and 50% upland and Bar Apex Jams (BAJ) arc IOWL In water. 

4!24!00 



Log Jam’ Sites 
BAJ23&24andMJ8&9 

.., 

.’ ----. 0 
2’ ,/+S~,,, 

y**” / /# ‘l ~;;&..900, 
I’ , King County 

Access 

Connected to existing 

Legend 

Env. Easement 
1.38 Acres below OHWM 

Permanent Access 
needed as shown 1.82 Acres 

:- 

Fee interest 

.46 Acre 

Scale: 1” = 410’ 

Log Jam Sites BAJ 23&24 and MJ 8&9 
Non-Standard Environmental Easement on DNR Parcel 
and Fee interest on King County Parcel N 
Situated j? Section 30, Twp 21N, R. 6E., WM. 
King County, Washington 

Note: All Jam footprints are 100x200 feet, Meander Jams (MJ) are 
50% in-river and 50% upland and Bar Apex Jams (BAJ) are 100% in water. 

51 I o/00 k? 
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I 
. 

LOG JAM SITES 
BAJ 21& BAJ 22 and MJ7 

Env. Easement 
1.15 Acrei below OHM& 

Permanent Access 
needed as shown 
2.63 Acres 

lB!il Fee interest .23 Acre 

Scale: 1” = 440’ 

Log Jam Sites BAJ21 & BAJ22 and MJ7 
Non-Standard Environmental Easement on DNR Parcel t 
Fee Interest on King County Parcel 
Situated in Section 30, Twp 21N, R. 6E., WM. 

N 

King County, Washington 

Note: AlI Jam footprints are 100x200 feet, Meander Jam (MJ) are 
50% in-river and 50% upland and Bar Apex Jams (BAJ) are 100% in water. 

4124, 



Log Jam Sites 
BAJ 25 

Access route continues 
on Map BAJ 26 & 27 

Scale: 1” = 375’ 

I t 
Legend 

I;,nv. Easement 
.46 Acres below OHWM 

Log Jam Sites BAJ 25 
Non-Standard Environmental Easement on DNR Parcel N 
Situated in Section 29, Twp 21N, R. 6E., WM. 
King County, Washington 

Note: All Jam footprints are 100x200 feet, Meander Jams (MJ) are 
50% in-river and 50% upland and Bar Apex Jams (BAJ) are 100% in water. 

5l10100 



I ,og Jam Sites i 
BAJ 26 & BAJ 27 

-. -. 

.07 Acre 

I( r’-’ 1 n.., - 
l .+ 

g&i&&? 

Lpy 

Scale: 1” = 350’ 

t 

Log Jam Sites BAJ 26 & 27 
Non-Standard Environmental Easement on DNR Parcel 

B 

Situated in Section 29, Twp 21N, R. 6E., WM. 
King County, Washington 

‘. 

Legend 

Env. Easement 
.92 Acres below OHWM 

Note: All Jam footprints are 100x.200 feet, Meander Jams (MJ) are. 
50% in-river and 50% upland and Bar Apex Jams(BAJ) are 100% 111 wat 

S/IO/C 

Permanent Access 
needed as shown .90 Acre 



Log Jam Sites 
BAJ 28 

- Pnnhlir R,al bunt,, 
. I”.,- .‘., 

Legend 

En\*. Easement 
.36 Acres below OHWM 

Permanent Access 
Needed as shown .2 1 Acre 

Scale: 1” = 270’ 

t 

Log Jam Sites BAJ 28 
Non-Standard Environmental Easement on DNR Parcel N 
Situated in Section 28, Twp 21N, R. 6E., WM. 
King County, Washington 

Note: All Jam footprints are 100x200 feet, Meander Jams (MJ) are 
50% in-river and 50% upland and Bar Apex Jams (BAJ) are 100% in water. 

5/10/00 



Log Jam Sites 
BAJ 29 & BAJ 30 

/ I t 
WTI 

& 

1. i4 -; ; ,I: p 1 
.,,, - ---- “LO -_--- 

, -.,I- *.A’* -.*..a, . ..I ‘.,U .,_ I’- -- . . 

, * --I . A**..- en 

AJ29 

I 
k I 

MjhNORA WV/ 
s R\/P 1 

Legend 

Env. Easement 
.92 Acres below OHWh4 

Permanent Access 
needed as shown ;@ Acre 

Scale: 1” = 285’ 

t 
Log Jam Sites BAJ 29 & 30 
Non-Standard Environmental Easement on DNR Parcel 

N 
Situated in Section 28, Twp 2 IN, R. 6E., WM. 
King County, Washington 

Note: All Jam footprints are 100x200 feet, Meander Jams (MJ) are 
50% in-river and 50% upland and Bar Apex Jams (BAJ) are 100% in water. 

5/10100 



Log Jam Sites 
BAJ 31& 32 and MJ 10 

j; ..” ,W- 
” ,. ;.-- -u - ,w.n..- YM ---‘- 1~.“,,, ., - 

_ A x \.< 

Legend 

Env. Easement 
1.15 Acres below OHWM 

Permanent Access 
needed as shown 1.03 Acres 

Fee .23 Acre 

-. ^. 

Scale: 1” = 325’ 

t 

Log Jam Sites BAJ 31 & 32 and MJ 10 
Non-Standard Environmental Emxnent on DNR Parcel 

B 

Situated in Section 28, Twp 21N, R. 6E., WM. 
King County, Washington 

Note: All Jam footprints are 100x200 feet, Meander Jams (MJ) are 
50% in-river and 50% upland and Bar Apex Jams $EIAJ) are 100% in wat 

51 I o/c 



MILL CREEK EAST 
MILL CREEK EAST 

Manheim Auto AdOns 
Manheim Auto Auctions 

Barnier JR 

Barnier JR 

Puget Sound EnergylElec 

OWRR 8 Nav Co. 

Puget Sound EnergylElec 

Fix Leon David 

Drainage Dist 1 

Maneim Auto Auctions 

Manheim Auto Auctions 

Fiorito Enterprises Inc 

Barnier JR 

Barnier JR 

Kent, City of 

Kent, City of 

Jabow Inc 

Miles Sand 8 Gravel Co 

Carpinito Michael A 

Mcmonigle Datie R or Nancy 

Carpinito Michael A 

Jabow Inc 

Chang Gyely. AKAChang Gary 

Holman Distribution Center 

Fisher Properties Inc 

012204-9118 

122204-9009 

122204-9018 

122204-9019 

122204-9030 

122204-9031 

122204-9072 

122204-9083 

122204-9086 

122204-9103 

122204-9104 

122204-9110 

122204-9127 

122204-9128 

122204-9130 

132204-9015 

132204-9052 

132204-9059 

132204-9091 

1322p4-9095 

132204-9096 

132204-9105 

132204-9131 

132204-9170 

132204-9211 

Corporation of the Catholic Achdiocese 132204-9221 

Valley FreewayI228th Street LLC 132204-934 1 

Little Gary 182205-9023 

Chandler’s Bay I Apartment 182205-9363 

Manheim Services Corporation 631440-0021 

Clark Family LLC 775980-0130 

Spp Real Estate Inc 775980-0150 

Fiorito Enterprises Inc. 775980-0170 

Stuart Properties 886700-0106 

Zep Manufacturing Company 886700-0116 

1 Acre 

2.3 Acres 

FEE 

FEE 

.4 Acre 

.4 Acre 

1 Acre 

.5 Acre 

1 Acre 

.6 Acre 

.5 Acre 

.3 Acre 
FEE 

FEE 

FEE 

.5 Acre 

1.2 Acres 

.3 Acre 

.3 Acre 

.3 Acre 

.6 Acre 

1.2 Acres 

.5 Acre 

1 Acre 

3 Acres 

FEE 

.8 Acre 

FEE 

1.8 Acre 

1 Acre 

1.3 Acres 

3.5 Acres 

.3 Acre 

.6 Acre 

.4 Acre 

-. _ 

Scale: 1” = 400’ t 

Mill Creek East Project N 
Environmental Easement and 

Situated in Section 12, Twp 22N, R. 4E., WM. 
f“w 47.59 Acres King County, Washington 

3/2/00 



MILL’CIiEEK, GEOIXKE REACH 

.q3 Per 

lO.Ll, 

.75 Aen 

.I& Ae 

3.73 Am 

Scale: l”= 320’ 

Env. Easement 

Mill Creek, Geodeke Reach Project 
Non-Standard Environmental Easements 
Situated in Section 14, T 21N., R 4E., WM. 
King County, Washington 

, 

3/29100 
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MILL CREEK EAST 
(Northern Portion) 

@@ * ‘- 

SW.. . .lm s-e. 
c 1: 

Kf!j=+#\~ 

MPnhcim Auto 
n122069118 

I I' 
,. 

rl.wdim AUtO 

’ 

- Match to Southern Portion - 



i . 

MILL CREXK EAST 
(Southern Portion) 

- Match to Northern Portion - 

II , P 
.I 0 Fist 

132 
II5 Propcrtics 
204-9211 



MILL CREEK, 
MERLIN0 REACI 

. ;J 
Jbi 

I TtLeh4adhon~ 3621c+mo i p. 1.1 Auu l/l I 

t. 

N 

Mill Creek Merlin0 Reach Project 
Non-Standard Environmental Easements 
Situated in Section 36, T 22N., R 4E., WM. 
King County, Washington 

“200’ Buffer with 20’ Stream 
*Access not shown to scale. 

Scale: 1” = 740’ 

m Env. Easement 
65 Acres 

Permanent Access 
Needed as Shown 
32x300 ft 
.22 Acre 

4/4/00 

.r 



MILL CREEK, 
SCHULER BROTHERS REACH 

Mill Creek, 
Schuler Brothers Reach Project 
Non-Standard Environmental Easements 
Situated in Section,36 Twp 25N, R. 4E., 
and Section, 35Twp 22N, R. 4E., and 
Section 26, Twp 22N, R. 4E, WM. 
King County, Washington 

**Access not to scale. 
262204-9016: 32x1300 ft = .96 Acre 
000680-0018: 32x950 fl = .70 Acre 

000680-0018: 
000680-0020: 
000680-0030: 
019700-0010: 
0 19700-0020: 
0 19700-0026: 
019700-0040: 
262204-9014: 
262204-9016: 
352204-9001: 
362204-9001: 
362204-9003 
362204-9006: 
362204-9010: 

Bauer 
Patoc 
Toyoshima 
Kim 
Buhler 
Smith Bros Farm 
SmithBrosFmn 
SmitbBranFami 
carpinito 
schula 
Schulz 
SChUlCI 

.* 
4 

0’ 

d 

d’ 
/ 

f 
-da-* 

.-..- - 

-.sm.-----w-. 

.--, +- 

-..-. - 

.t 

N 
Scale: 1” = 420’ I 362204-901-6 

< 

@I Env. Easement ’ 
81 Acres 

q Permanent Access 
ye$dMyeJ”own 

. 
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h!iILL CREEK, 

WETLAND.5K L’ 
I- ! 
e 

‘i 
4 1 

I 

:1 
I! 
‘: 
;J 
‘C I4 I 
iit 
s - 

3 .-. 

ij 

. . 

T t Scale: 1” = 420’ 

N 

lzzl 

r 
tzl 

Legend 

Env. Easement 

n ,. Acres 
. 

Permanent Access 
Needed as Shown 
32x660 fl = .5 Acre 

hiill Creek, Wetland 5K Project 
Non-Standard Environmental Easements 
Situated in Section 14, Twp 2 1 N, R. 4E., 
and Section 12, Twp 21N, R. 4E., WM. 
King County, Washington 

**Access not to scale. 

_.-.-.-- 
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MULLEN SLOUGH 

N 
Scale: 1” = 780’ 

Mullen Slough Reach Project 
Non-Standard Environmental Easements 
Situated in Section 26, T 22N., R 4E., and 
Section 35, T 22N, R 4E, WM. 
King County, Washington 

*Access not to scale. 

Legend 

lal Env. Easement 
90 Acres 

EEI Permanent Access 
Needed as Shown 
32x1170 fi = .85 Acre 
32x1350 fi = 1 Acre 

3f29lOO 

1 232204-9033 y/I/) 

i I 2.3 I//l/l I! 

ITA GR Flood Control 

Smith Brothers 

1 
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262204-9010 
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NEWAUKUM CREEK 
Map 1 of 4 

_ 
Tax Parcel ! Acres 6E/ _ ..-- -i92106-9091-iji-;~ -2:?__ ._--_-. 

292106-909246 -..-- .__._: 4 _ _, __ 
292106-9099-09 : 1.13 ---_- ..-.-_-. 
i92106-9100-06t 3.26 --.---------c-.--.-- 
292106-910145 I 1.41 ._ .--- -. .-_- -..; . ._.- 
732771-0080-08 2.5 
73277;-oO&l6 : 2.5 
'732771-0100-04 2 
732771-0101-03 i 1.7 .-..-.._ .._.__ 
732771-OllO-Oi- 0.9 .--_ _. ._. - 

From County 
‘7 

---a 

.._.. ..- ._. -. 
jams F Michael & Janis 1, _-_._ -.. _.._ 

Plemmons Industries . .--_. .-.. 732771-012%08 0.52 .-. _ -. _ _ __. 

Section 28 Township 21N Range 6E ,-__ ---.- --..-. _ -. ,. Tax Parcel 
282106-9027-07 
282106-9028-06 
282106-9029-05 
282106-9030-02 
282106-9031-6-l 
282106-9032-00 
282106-9033-09 
282106-9034-08 
282106-9035-o? 
282106-9036-66 

Acres 
Padrta Leatta __ ____ - .._ 
Ferrato James & Beverly D __ _ ____. . 
Abbott Francis C ._. .- .--- .-- - 
#Whitman Mark E/Victoria E .__ ..__-__ -- . . .._- -. 
,Anderson Michael J - _... -...- .._-.--. 
iAnderson Michael J ._ 

0.93 : 
il.9- - 

'0.7 - 
0.71 

!Wilson Edward C __.---._--. 
Hinshaw Gayl Marie .__ 

jf$~&&;i'ck Karl ,,__. _ -...- --- -. .- 
: Dwavne-Banie Da\;id/Karen j&e 

-._-.. . . ..- 

[%$$&%&en V 
-5 -. 

-282106~iO37-05 0.67 ____ ._.-.. ._ _ _ _. _. ..-... -.-_ -.--.--J 
: Field A Dean & Theresa B 282106-9079-04 0.8 ; ’ ~___~_.___ .-. - . 

..-. 
/Section 33 Township 21N Range 6k 

~howrsnik~%~~fiCynthia A ___________. - __-._--. ----. 
,oddark Mark ___-.-___---.. ..- -. 
artnagel Mary Ltd Partners 

1 332016-9003 
---i33210%36~ 
- -3%2106-9009 

100’ Buffer on left 
and right side of creek. 

_ . _ 
332106-9015 _ -- 
33?'106-9021-06 i 6.24 ; . ..- 332166-9030-05 - 

1 6.65 : 

lrmberg Chris ,_ ., ____ ._-- _ _ _. 
Suhovxsnik Robert J & Marcia ___ ____.___ - -..--.- --. 
SuhoLersnik James & Cynthia _. __ _ 

I 

WI t.yy I _---_ 
332106-9024 ! 0.2 ; 

Newaukum Creek Project 

r?rainhaarl Graxxv .’ ..- .+--- .-p.y:r-ey;- -“=:lJm ~-.. - t __._ --.-. ~~ L H’ l-021 - 1 

- HI 
ylllFll ,; E & Gruber D L 332106-9033, -- , .--- / _ _---. -. .- -.. 
unter K E & Gruber D L i32106-9034-01 1 1.1 ; _.- __.. - __._. --. - - -. 
itnnv Wendv Jean Trustee:Omberg C;- 332106-9039, 

Non-Standard Environmental Easement 
Situated in Section 28, Twp 21N, R. 6E., WM., --~-.r.~ 
Section 29, Tw-p 21N, R. 6E, WM., 1 I 
Section 33, Twp 21N, R. 6E, WM., 
Section 34, Twp 21N, R. 6E, WM. 
King County, Washington 

___- _ 
: F R Gmber D L i 332106-904340 ! 1.8 

LEGEND 

Fee 
2.10 Acres 

Ezl Env. Easement 

2 19.90 Acres 

1 I 

,Section 34 Township 21N Range 6E _..__ -.--. --- . . --_ - --_ ____._. _ Tax Parcel ._ 
*Wicks Randy & DeLonne i __.__ -... .- ..- .-__ __. 342106-9135 
Parker Alan D/Cynthia A ! ’ 342106-913647 

.I 

Match to Map 2 



NEWAUKUM CREEK 

Map2 of4 

Match to Map 1 

Section 3 Township 20N Range 6E Tax Parcel Acres _. .- -_- - 
Mun-av Brian E/Barbara R 032006-9006-02 5.45 

_-. ‘. 

Fackrell J&eih f?/j,l& A; Milling Tammy 032006-k32-00 
_-.. 

1.56 G -. _. _ _ _- -__ - _ ._. . - 
032606-9033-09 

- _. __. 
Flood Rem J D/Daniel T/Aka Daniel Timot 0.93 ._- ._ I. 
Walthers Douglas & Debra .- 

. _ . 
032!006-9054 j:3 

Section 9 Township 2ON Range 6E Tax Parcel 

Buckner F&r& LP 
Rley W Jarms 092006-9031-05 _. _.. 
All American tbn-es hc 092006-9038-08 

Barlenett,~Fr;nk P 092006-9040-04 

Norrmn Lyle BBetty J 

Barfenelii Frank P 092006-9047-07 

Chde Jani; A 092006-9048-06 

Rckering &ward J/Nancy L 092006-9053-08 

titatridge Jerry T:Padllla Karen L 

Adarm Sam J./Mchek K -.-. 
Dodge Aaron Lee/San& Jonelle 

All Arrerican l-brres 

AN Arrerican Horses 

092006-9093-00 ._ 
092006-9120-07 

092006-9121-06 

092006-9123-04 

092006-9126-01 

Buckendahl Carol D - -.-.- 
Watzak Stella 

De Santo Wllliim D,l-takr~M Kathy Jo ! 142250-0095-03 _ -- _-. . -. 

Section 10 Township 20N Range _...._ - 
tiffman. Ronald P _ _ 
Br& L&km R & Lida M ._ -... - - 
Brown Dennis/Cathy __ .-. 
Laville hark L - .-...-.- .-- _ .- 

Colis Ben A ..-. -. _ 
Glazier Catherine- 

Ftzpatrick John A 

Willner Andrew N s Nancy C - _ 
Ashley Hxse Therapeutic Fostk 

Tuohy Craig W&&n i - _ .-. . - . 
Walker Donald W 

t%lerer Ikight0rrner-r M .- 

Petersen Robert A;Cew ilde Linda-M 

6E I Tax Parcel 
_.. 

..- 
I 1020069009-00 ._. .+..-.---T. _ 
! 102008901 O-07 .--- .- 

1020069038-05 i.-- 
1 102006-9039-04 _. . . ._-- -. 

102008-9041-00 .: .__-_- .__. 

102006-9042-09 

1020069043-08 1 ___--.. 
1020069047-04 -.--.. --,. . 

: !!!!~_9E!.-?! 
102006-9053-05 .-__-_--_ . . 

1 ~02006-9054-04 -..--- - - 
; ,102006-905593 

,i 102006-905602 

I 1 \ 

:’ Section 4 Towns hip 20N Range 6E Tax Parcel 

Mlt Dennis L 142240-0130-03 _ 
Weller Chuck UDara K 

Robe&& William Charles & Ma _. ..-._ _.. ..- .- .- -. 

142240-O; 50-08 

142240-01.6-06 

Acres .-_ 
0.5 

.- 
Thomas Darrell 0 8 Jean C 142240-0170-04 - --..--. --.._-_ -. .___ .__ .- .__ _._ .- 
Patterson Harry G & Janet V 142240-0180-02 - -_ -- . _-__ .._ -.- __ 

1 

o.is -.- 
0.3 

Thorrpson lVbnica H 142240-0190-00 

Rischbieter Pat&a UDalrynpke .&bbi A 142240-0200-08 . . _-__. -_..- __.. .___ -__-. .__.__ __ 
Arbogast Jack WMerilyn M 142240-0210-06 

Arbogast Jack t%&rilyn M 142240-02&-04 

Eston Donald Leon 8 Carolyn 14224&2%-02 . -_. - .__ _. ..-.- . ..-.. ..- _- 
Kendall Mw aid J 

Thayer James E 8 Jacke L 

~ l-42246-024&08 -- .._. .- __.. 
142240-0250-07 .-.. -. _...-. ---._ -._. - .-.... . . .__ .._ .__ _.. 

Cherrington Michelle Anne 142240-0260-05 

Streuli &to F 142240-0270-03 - __- - ._ _.- _ _--- -.-_ -. 
Meyer Leonard D : 142240-028LFOl 

Pauscheck Charles Jr 142240-0290-09 . .-. -.. 
Oak Ctest Farm Llc 042006-9013-02 

Pdusheck Charles Jr 0420069019-06 _-..._.. . . _.. ._... - _..__ .__ __ _ __ .__ __ ___ _ 
a$rk Donald W/Glenda Lee ! 0420069027-06 . . _ . _.._.. 
Oak Crest Farm Llc 

.- __.___ _ _ _ . . _ 
-I 042006907507 

0.37 .- 
0.35 

0.48 

- .Y,Z.G-: ]&’ ,._,, ...~p.&r. -3 

4 

‘-p&-i ..::; i 

li!iF I 1 .*y:$ , .,. .:: “Q IB 
1 

. ..m.* - - -_ .-.__ -- 

--. 

, ._---- 

1.8 

0.6 ._ 
0.53 ..c 
0.63 __.- 
1.6 -.. 
1.9 

0% 

3 

Match to Map 3 

0.26 

0.44 

0.32 _.-.. 
0.25 --- 
0.4 

0.27 

0.68.. .-. 
1 _ _ 

1.2 

1.8 . --.- 
3.15 . _ _. 
0.4 -. __ 
1.35 

I.E(;END 

Env. Easement 

Newaukum Creek Project 
Non-Standard Environmen!? Easement Scale: 1” = 880’ 
Situated in Section 3, Twp 20N, R. 6E., WM., t 
Section 4, Twp 20N, R. 6E, WM., 
Section 33, Twp 20N, R. 6E, WM., N 
Section 10, Twp 20N, R. 6E, WM. 
Section 9, Twp 20N, R. 6E, W?vl. 
King County, Washington 
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NEWAUKUM CREEK 
Map3of4 

Match to Map 2 
100’ Buffer on left 
and right side of creek. 

_--A.-- 

_--.-v 

----- 

‘.---- 

----- 

"' ' t t /!!a - .I 

P- i 
----gJy$rJr 

,c.” 
677 

e 
“‘p 

sction 15 Twp 20N Range 6E Tax Parcel 
.__. 

agen Ronald A 1520069007 

m-era Christine Mary (Pair@ 152006-9008 
.-- .-- _ -.--- 

zroe Gary UDianna L 152006-9009 

J$en +p .. 
-. 

1520089010 N 

0 w erder Helen T 

Jo& %katn R 

Nguyen -tip N & t-@ T .-.-. - 
Lds Church Re p 

Kan-racho Sheryl; Moody ___-. . . . . . . 
Leist Thorns D 

1520069011 

Shereen 

I i il 
.w. 

-- “W”‘\ “Y ,,, _-.-- -_ --.- - 
Jones Christopher L/Elizabeth L * .._ _ -_-.. .dI ._._ ._- .v.-.. - 

152006-9017 

152006-9012 

152006-9022 

1520069026 

152008-9032 

; 52066-9034 

15200&9036 

i&2005-9048 

152008-9052 

152006905-6 

Acres 

1.55 

0.9 

i.5 

1.1 

3.2 

1.2 

1 

0.33 

0.7 

0.15 

3.65 

2.7 

6.73 

0.8 

1.1 

0.8 

1 

1 

0.9 

0:12 

3.6 ..-. _. , 
0.85 

.. 0.47 _- - 

Miter Lowell E .--- 
Lds. Church Re Div 

152006-9098 

_...-. 

Section 22 Twp 20N Range 6E Tax Parcel ! Acres I x. .._ -.-.- .--- . . ~_-.- .- . . . 
.----‘- Enumlaw , City of 

.-, , ‘Ldk&h Re Div 

222OWC+?; j _- .4.65 

2220069001 ;, 1.9 A _ _ _ ._ _ ._.-... ~..: __ 

i- -_ - - 

Match to 

Map 4 

Newaukum Creek Project 
Non-Standard Environmental Easement Scale: 1” = 880’ 
Situated in Section 15, Twp 20N, R. 6E., WI& .t 
And Section 23, Twp 20N, R. 6E, WM. 
King County, Washington N 

2.10 Acres , 
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NEWAtJKUM CREEK 

Map4of4 . 

i 

1. 
, 

Match to 
Map 3 

Section 14 Twp 20N Range 6E/ T& Parcel Acres -b 
-. 

&hakd . --.- -.-_ - .- Charly - - -__. -_. .- 1420069001 3.7 --! 
_.. -..-. _-- 4. 

Kaisw er Nancy ! 142006-9oi4 2.5 -..- ..^- ..__ _.- ._.__. - _. . -- 
Litow itz Dennis J 1420089015 

: 
2.7 

... .. l-blm RayImld 1420069025 1.5 

-4 ‘0 

i 

~Wkrrt5 Thelbert 8 Jeanette 1420069037 

1420089053 

1420069057 - .- - _ - -__ ____ _ _ 
;i2006-9059 

;42006-9077 
. .. ‘.- 

1420089082 

i&z7dmm c - ..- -.- .--... - -... -__.- .___ ___ A _. _ _ 
Fricke Donald A - - _.. . 
Johnson l’homs B & Jean 

142006-9089 

; 4;00&&3 

i 

- Brew er Baliej I 142006-9105 
-.---- 

.- - -..-.-._ ._ . .._ .--.-.-•+-- . -_ 
Miller Mildred Hazel / 142006-9136 

t 

Section 23 Twp 20N Range 6E Tax Parcel Acres 

f?matto Associates 232006~012 4.2 

: Dunning W~lldm H 
---.--- 
232006-9013 : 1.75 

Rerotti Richard L 1320069001 

I,E<;ENn 

IEI 
1:11\. I:;lscIllcnl 
2 I9.W Acres I 

Lewis George & Paddy 132006-9009 

Rerotti F&hard L 132006-9027 . . 
Anderson Dorothy V 132006-9087 

Lewis George & Paddy 132cO6-9133 

Pierotti Richard c 132006-9205 

D&ton William M 1320089208 

&rotti .Rjcha;d L 13200892; 8 - _ 
Rerotti Richard i32w9219 .._ 

100’ Buffer on left 
and right side of creek. 

.s _--- - 
-- -- -- .?!. 

Acres ___ .b 

0.7 

5.8 

7.3 

1.6 

2.8 

0.67 

6.4 

0.5 

0.4 

Newaukum Creek I’roJcct 
Non-Standard Environmental Iiasemcnt 
Situated in Section 13, Twp 20N. K. GE., WM. 
And Section 14, Twp 20N, I<. 6Ii, WM. 
Kmg County, Washington 

Scale: I” 880’ 

t 

N 



N It 

T:21N 
R:llE 

North East Creek 
Perched Culvert Site 

1:11.77,000 , 

Footprint 
(not to scale) 

d _ . 

N 



OLSON CREEK 

bg I t - 

,R 

i \ 7-- 
; *r 

. 

I 
\ \- . 

I c 

~ 

zi 
\ 

\ k . . 
+ % 

\ 
I, B 

f t 

\ .,rFi& 

I-- 

,*- , 
-- .“-&- -..I. 

1.r. +I %E 
..&77zz. 

: 

I_- -I 

N 
a 

L- 

‘.7S &L 
‘i9 

-,- 
‘““zzL*~~a 

-u .I.< ..- r ,I 

2 , p ..\b’O 
lK,P *,,*,,“-,0,,~1Q,,, 

0 
: ~2~205-903 

, 3.5 Acres 

Legend 

tzzl 
Env. Easement 
7.5 Acres 

Scale: 1” = 340’ t 

N 

Olson Creek Project 
Non-Standard Environmental Easements 
Situated in Section 32, T 22N., R 5E., WM. 
King County, Washington 



PRENTICE NURSERY 

t Uowney 
232204-9076 7 .33 Acres , 

.- *‘L---w I”.? -- 
-4 

i 

t 

Scale: 1” = 365’ N 

LePend 
Prentice Nursery Project 

lzzl 
Env. Easement Non-Standard Environmenta Easements 
43 Acres 
4. tju 

Situated in Section 23, T 22N., R 4E., and 
King County, Washington 

3/29/00 



Porter Levee 

Scale: 1” = 410’ 

t 

Lepend 

Porter Levee 
3.58 Acres Previously Provided 

Fee 3 I .64 Acre 

Fee interest on King County parcel 
Situated in Section 21, Twp 21N, R. 5E., WM. 
King County, Washington 

N 

5J 12Joo 



Ia 
I RAY CREEK 

Sb 

Scale: 1” = 400’ 

t 

/ ’ 
I I #)HORATH f 

MYERS 
2221o!xo41 

-4 Acre 

Legend 

Env. Easement 
27.4 Acres 

q Fee Interest 
. .65 Acre 

q . Permanent Access 
Needed as Shown 
1.26 Acres 

./- x 

/ : 

N 

‘-.9 
I 

-=9 m., 8 ’ 

-T- 

‘-. 

---I 

, 

‘i . 

GEHRETT 

2221058025 
- 

2.35 Acres 

Ray Creek Project 
Non-Standard Environmental Easement 
and Fee Interest in King County 
Situated in Section 2 1, Twp 22N, R. SE., WM. 
King County, Washington 

4/19/00 



RIVERSIDE ESTATES 

i 

- 
L 

. 

. 
i; 

;. 

- 

7 

,c 

i, 
& 

. . 

. 

1 

1 ------Y-+ -* -* - :I] +- m l , I.- l * -* LI . 

4 * 
1 

-- -,-me. ,---c-+-_ 2L -> )=-. 
-ii 

i 

Labrador Vcntnxcs Llc 
0004204001 

River View Mobile Estates 
000420-0007 

-- -vwa,--- we” 

. , 
v 

I 
River Mdbilehomc Park 
062105-9002 

I 
0 2. m 

f AUBURNGOLF 

COURSE- 

City of Auburn 
oOO400-0098 

;r-.IG 

.I. . . . . -. -. . 

& 

) 

- - .-.m 

T!!%&&l -- 

Camwest Development 
oooao 0023 

W. 

q 1 m City of Auburn ___. 

Legend 

Env. Easement 
8.35 Acres 

Permanent Access 
Needed as Shown 
32’ wide 
2.25 Acres 

Scale: 1” = 400’ 

: t 

Riverside Estates Project 
Non-Staidard Environmental Easement & N 
Fee Interest in King County 
Situated in Section 6, Twp 21 N, R. 5E., WM. 
King County, Washington 

3/27/00 Y 



RIVERTON SIDE CHANNEL 

092304-9066 
tww.-J- - - 

1 -. 

1 

’ SR 99 (c.. -4) 
semmmntirrB&b‘ 

. . ..d s/. e. 

32xSlSft 

.60 Acre 

1 ’ 

8 

ACCCSS 

32%3%f 
.29 Ame 

. 

Permanent Access 
Seeded as Shown 
1.39 Acres Total 

Tcmp Stage Area 
Zsl5Oft = .09 Acre 

Scale: 1” = 210’ 

t 

N 
Riverton Side Channel Project 
Non-Standard Environmental Easement 
Situated in Section 09, Twp 23N, R. 4E., I--- * NM. 

And Section 10, Twp 23N, R.4E., WM 
King County, Washington 

l *Temp Stage Area and Permanent Access are not to scale. 3/29100 
1 1 



1 



TURLEY LEVEE 
. . 
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Exhibit B 

GREEN/DUWAMISH RIVER BASIN 

ECOSYSTEM RESTORATION PROJECTS 

KING COUNTY, WASHINGTON 

ASSESSMENT OF NON-FEDERAL SPONSOR’S 

REAL ESTATE ACQUISITION CAPABILITY 

I. Legal Authority: 

a. Does the sponsor have legal authority to acquire and hold title to real 
property for project purposes? Yes. 

b. Does the sponsor have the power of eminent domain for this project? 
Yes. 

C. Does the sponsor have “quick-take” authority for this project? No. 
However, the County has other avenues available to them. For the 
County this is a willing seller only project and they do not have 
eminent domain authority, but could use a Possession and Use 
Agreement if it becomes necessary to have use of the property 
before settlement. 

d. Are any of the lands /interests in land required for the project located 
outside the sponsor’s political boundary? No. 

e. Are any of the lands/interests in land required for the project owned by 
an entity whose property the sponsor cannot condemn? Yes. State of 
Washington, Department of Natural Resources (DNR), and 
Washington State Parks. 

State of Washington (DNR) typically owns the submerged lands 
unless a court decision determines otherwise. Until further 
investigation of property ownerships during the implementation 
phase, the premise for the purposes of this assessment is that DNR 
owns the submerged lands at various project sites. 
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II. Human Resource Requirements: 

a. 

b. 

C. 

its 
d. 

e. 

f. 

Will the sponsor’s in-house staff require training to become familiar 
with the real estate requirements of Federal projects including Public 
Law 9 l-646, as amended? No. 

If the answer to 1I.a. is “yes,” has a reasonable plan been developed to 
provide such training? N/A. 

Does the sponsor’s in-house staff have sufficient real estate acquisition 
experience to meet its responsibilities for the project? Yes. 

Are the sponsor’s projected in-house staff level sufficient considering 
other workload, if any, and the project schedule? Yes. 

Can the sponsor obtain contractor support, if required, in a timely 
fashion? Yes. 

Will the sponsor likely request USACE assistance in acquiring real 
estate? No. 

III. Other Project Variables: 

a. Will the sponsor’s staff be located within reasonable proximity to the 
project site? Yes. 

b. Has the sponsor approved the project/real estate schedule/milestones? 
Yes, however, due to the number of project sites, the priority and 
proposed construction schedule could change during the PED 
phase. 

Iv. Overall Assessment: 

a. Has the sponsor performed satisfactorily on other USACE projects? 
Yes, however; the District has experienced delays in the NFS being 
able to certify on schedule. Historically, the NFS, has been slow to 
acquire and certify the necessary interests or to adequately 
demonstrate they have the necessary interests in project lands 
which has lead to challenges in getting project implemented. The 
County’s technical staff and COE technical staff will continue to 
closely work together to obviate project delays. 
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b. With regard to this project, the sponsor is anticipated to be: 
highly capable 

X fully capable 
moderately capable 
marginally capable 
insufficiently capable. (If sponsor is believed to be 

“insufficiently capable:, provide explanation). 

V. Coordination: 

a. Has this assessment been coordinated with the sponsor? Yes. 

b. Does the sponsor concur with this assessment? Yes. 

Prepared by: 

WANDA F. GENTRY 
Realty Specialist 

Reviewed and approved by: 

JOSEPH C. DUNCAN 
Chief, Real Estate Division 
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EXHIBIT C 
DATE 

Department of the Army 
Seattle District, Corps of Engineers 
ATTN: Real Estate Division 
Post Office Box 3755 
Seattle, Washington 98124-3755 

RE Certification of Lands and Authorization for Entry for the GreenDuwamish River 
Basin Ecosystem Restoration Project [Insert Project Site Name] 

Dear Sir: 

By Project Cooperation Agreement dated the day of 
2OL, King County, Washington, assumed full 

responsibility to fulfill the requirements of non-federal cooperation as specified 
therein and in accordance with the Water Resources Development Act of 1986, as 
amended. 

This is to certify that King County, Washington, has sufficient title and interest in 
the lands hereinafter shown on Exhibit A, attached, in order to enable King County, 
Washington to comply with the aforesaid requirements of non-federal cooperation. 

Said lands and/or interest therein are owned or have been acquired by King 
County, Washington, and are to be used for the construction, maintenance and 
operation of the above referenced project and include but are not limited to the 
following specifically enumerated rights and uses, except as hereinafter noted: 

1. Fee: The fee simple title to the land shown Exhibit A attached. 

2. Environmental Easement: A perpetual and assignable right and easement in, 
on, and across the lands of Grantor described in Exhibit A attached hereto to 
construct, operate, maintain, repair, alter, rehabilitate, remove, replace and monitor 
project features; plantings; and any other improvements within and adjacent to the 
stream or shore for grade control, channel, bank, and /or shore, and bank stabilization, 
fish and wildlife habitat improvements, and other environmental improvements, 
including the removal of structures or obstructions including levees; the placement of 
materials or structures in the bed, banks, or shorelines that influence stream velocity 
or channel form, the removal or placement of gravels, cobbles, and boulders, and 
other structures, or conveyances to recharge or maintain flow to existing wetlands; 
reserving, however, to the owners, their heirs and assigns, all other rights and 
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privileges that may be used without interfering with or abridging the enumerated 
rights and easement hereby conveyed and acquired. 

3. Flood Protection Levee Easement: A perpetual and assignable right and 
easement in the land described in Exhibit A to construct, maintain, repair, operate, 
patrol, and replace a flood protection levee, including all appurtenances thereto; 
reserving, however, to the owners, their heirs and assigns, all such rights and 
privileges in the land as may be used without interfering with or abridging the rights 
and easement hereby acquired. 

4. Shore Protection Easement: A perpetual and assignable easement and right-of- 
way in, on, over, and across the land described in Exhibit “A” to construct, operate, 
maintain, patrol, repair, and replace shore protection works, and appurtenances 
thereto, including the right to borrow and/or deposit fill, together with the right to 
trim, cut, fell and remove therefrom all trees, underbrush, obstructions, and any other 
vegetation, structures or obstacles within the limits of the easement; reserving, 
however, to the grantor(s), (his) (her) (its) (their) (heirs), successors and assigns, all 
such rights and privileges as may be used without interfering with a abridging the 
rights and easement hereby acquired. 

5. Road Easement: A perpetual and assignable easement and right-of-way in, on, 
over, and across the land described in Exhibit A for the location, construction, 
operation, maintenance, alteration, and replacement of (a) road(s) and appurtenances 
thereto; together with the right to trim, cut, fell, and remove therefrom all trees, 
underbrush, obstructions, and other vegetation, structures, or obstacles within the 
limits of the right-of-way. 

6. Road and Permanent Crane Pad Easement: A perpetual and assignable 
easement and right-of-way in, on, over, and across the land described in Exhibit A for 
the location, construction, operation, maintenance, alteration, and replacement of 
permanent gravel pad site& (a) road(s) and appurtenances thereto; together with the 
right to trim, cut, fell, and remove therefrom all trees, underbrush, obstructions, and 
other vegetation, structures, or obstacles within the limits of the right-of-way. 

7. Temporary Work Area Easement: A temporary easement and right-of-way in, 
on, over, and across the land described in Exhibit A, for a period not to exceed [see 
individual site requirements], beginning with date possession of the land is granted to 
King County, Washington, for use by the United States, its representatives, agents, 
and contractors as a work area, including the right to deposit fill, dredge and waste 
material thereon, move, store, and remove equipment and supplies, and erect and 
remove temporary structures on the land and to perform any other work necessary 
and incident to the construction of the GreenDuwamish River Basin Ecosystem 
Restoration Project, together with the right to trim, cut, fell, and remove therefrom all 
trees, underbrush, obstructions, and any other vegetation, structures, or obstacles 
within the limits of the right-of-way; reserving, however, to the landowners, their 
heirs and assigns, all such rights and privileges as may be used without interfering 
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with or abridging the rights and easement hereby acquired; subject however, to 
existing easements for public roads and highways, public utilities, railroads, and 
pipelines. 

8. Temporary Disposal Area Easement: A temporary easement and right-of-way 
in, on, over, and across the land described in Exhibit? for a period not to exceed 
(insert site specific requirements), beginning with date possession of the land is 
granted to King County, Washington, for use by the United States, its representatives, 
agents, and contractors as a temporary disposal area, including the right to deposit till, 
spoil, and waste material thereon, move, store, and remove equipment and supplies, 
and erect and remove temporary structures on the land and to perform any other work 
necessary and incident to the construction of the GreenIDuwamish River Basin 
Ecosystem Restoration Project, together with the right to trim, cut, fell, and remove 
therefrom all trees, underbrush, obstructions, and any other vegetation, structures, or 
obstacles within the limits of the right-of-way; reserving, however, to the landowners, 
their heirs and assigns, all such rights and privileges as may be used without 
interfering with or abridging the rights and easement hereby acquired; subject 
however, to existing easements for public roads and highways, public utilities, 
railroads, and pipelines. 

9. Temporary Air Rights. A temporary easement and right-of-way in, on, over, 
and across the land described in Exhibit A, for a period not to exceed ten-years 
beginning with date possession of the land and overhead air right are granted to King 
County, Washington, for use by the United States, its representatives, agents, and 
contractors for overhead cable and bucket operation across the river including the 
right to deposit gravels in the riverbed, and to perform any other work necessary and 
incident to the construction of the Green/Duwamish River Basin Ecosystem 
Restoration Project, together with the right to trim, cut, fell, and remove therefrom all 
trees, underbrush, obstructions, and any other vegetation, structures, or obstacles 
within the limits of the right-of-way; reserving, however, to the landowners, their 
heirs and assigns, all such rights and privileges as may be used without interfering 
with or abridging the rights and easement hereby acquired; subject however, to 
existing easements for public roads and highways, public utilities, railroads, and 
pipelines. 

King County, Washington, does hereby grant to the United States of America, its 
representatives, agents and contractors, an irrevocable right, privilege and permission 
to enter upon the lands hereinbefore mentioned for the purpose of prosecuting the 
project. 

King County, Washington, certifies to the United States of America that any lands 
acquired subsequent to the execution of the Project Cooperation Agreement that are 
necessary for this project have been accomplished in compliance with the provisions 
of the Uniform Relocation Assistance and Real Property Acquisition Policies Act of 
1970, (Public Law 91-646) as amended by Title IV of the Surface Transportation and 
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Uniform Relocation Assistance Act of 1987 (Public Law lOO-17), and the Uniform 
Regulations contained in 49 CFR, Part 24. 

KING COUNTY, WASHINGTON 

By: 
Name: 
Title: 

DATE: 

***** 

ATTORNEY’S CERTIFICATE 

I, , an attorney admitted to 
practice law in the State of Washington, certify that: 

I am the attorney for King County, Washington. 

I have examined the title to 

[Parcel #] of land identified by the U.S. Army Corps of Engineers as needed for the 
Green/Duwamish River Basin Ecosystem Restoration [Insert Project Site Name] 
Project and included in the Certification of Lands and Authorization For Entry 
document to which this Certificate is appended. 

King County, Washington, is vested with sufficient title and interest in the 
described lands required by the United States of America to support the construction, 
operation, and maintenance of the GreenDuwamish River Basin Ecosystem 
Restoration [Insert Project Site Name] Project. 

There are no outstanding third party interests of record that could defeat or impair 
the title and interests of King County, Washington, in and to the lands described, or 
interfere with construction, operation, and maintenance of the Project. Such interests 
include, but are not limited to, public roads and highways, public utilities, railroads, 
pipelines, other public and private rights of way, liens and judgments. To the extent 
such interests existed prior to acquisition of the described lands by King County, 
Washington, such interests have either been cleared or subordinated to the title and 
interests so acquired. 
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King County, Washington, has authority to grant the Certification of Lands and 
Authorization For Entry to which this Certificate is appended; that said Certification 
of Lands and authorization for entry is executed by the proper duly authorized 
authority; and that the authorization for entry is in sufficient form to grant the 
authorization therein stated. 

DATED AND SIGNED at 
* 200-. 

, this day of 

DRAFT 

(Signature) 
Name: 

’ Title: 
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SITE NO. 1 

Green-Duwamish G.I. Ecosystem Restoration Feasibility Study 
Project Description and Write-up 

Site Designation: Elliot Bay Near-shore 

Location 
The site is located at the 30-e. contour Northeast of Duwamish Head, Elliott Bay. There 
is also a near shore component that is at the -2 elevation just off Don Armeni Park. 
Reference site maps for longitude and latitude. 

Elliott Bay has been altered from its original state by the placements of large amounts of 
fill. Large expanses of the Bay have a uniform silty substrate with little complexity (such 
as rock or boulders) for attachment of macro algae. In some areas the nearshore is lacking 
in vegetation and provides little refuge for out-migrating salmon or juvenile rockfish. If 
more hard substrates were available for algae attachment this would improve the local 
habitat by providing both primary productivity and refuge. 

Project Goals 
The project goal is two-fold. The first is to provide additional primary productivity in the 
nearshore area. The second is to provide a hard substrate for macro algae attachment 
which would furnish a more complex nearshore environment that provides retige for 
juvenile salmon and young rockfish. 

Proposed Solutions 
In 1998 a small pilot study was conducted in the Duwamish Head area. There were 
several purposes of the project. One was to evaluate different substrate types that could 
be placed in the intertidal area around Seacrest Park to provide refuge for small 
Dungeness Crab as well as provide for an increase in epibenthic productivity. The other 
purpose of the project was’to place different types of rock (angular and smooth) by 
different placement techniques at about the forty foot contour. It was the placement of 
the rock that seemed to provide the most immediate benefit. Large macro algae attached 
within the first year. Divers, that visually monitored the site told of how quick the plants 
become established and how a wide variety ofmarine organisms used the new site. A 
few different alternatives have been considered in the early pilot study. They included: 
1. 
2. 
3. 
4. 

Enhancing the nearshore habitat by placing Christmas trees at the forty-foot contour. 
Building reefs out of large rock and placing them at the same location. 
Building reefs out of scrap metal and construction debris. 
Using the information that was obtained in the pilot study to enhance the substrate by 
placing angular minusl2”rock at the thirty-foot contour. The material would be 
spread along the floor by clamshell dredge using a global positioning system. The 
12’ material was selected as the largest size we could use and not effected the 
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minimum depth of 18”, we have several demonstration sites we constructed and 
monitoring has shown us that this material is working very well. 

Recommended Plan 
Alternative one was eliminated because, although successful in other locations, 
Christmas trees provide only a temporary benefit since the break down quickly. 
Alternative two was dismissed because a large (tall) reef has the potential to snag fishing 
nets. Alternative three was dropped because there is a potential to release hazardous 
substances from construction debris (iron, zinc, alkaline byproducts etc.). Alternative 4 
seems to be the most viable alternative and the pilot study has demonstrated that it can be 
implemented with minimal impacts to the aquatic environment. Some concerns have 
been expressed over deposition in the project area.but old bottles found on the bottom 
have shown very little deposition in over fifty years. 

Cost Items and Quantities 
Construction line items and quantities are shown in the MCACES portion of the attached 
engineering appendix 

Conclusions and Recommendations 
The pilot study for this type of restoration was very successful (colonization of rock by 
macro algae within one year). Placement ofthe,material is the key to a favorable project. 
Material (rock) that is free of fmes (the material must be sieved at the borrow source) 
should be placed at the 30 to 35-ft contour. Experience Tom the pilot project has shown 
that the material should be placed by clam bucket. The bucket should be slightly swung 
parallel to the shoreline and the bucket slowly opened. The material to be used should be 
18” minus (that is angular rock that is 18’ in diameter or less). Piles of rock should be no 
more than 18’? off of the bottom of the Bay to avoid any snagging of fishing nets. Divers 
should examine the site prior to placement. Buoys should be placed on the comers of the 
project site to facilitate the placement of rock. If any eelgrass is in the area, it should be 
avoided. That is, an eel grass survey should be conducted prior to placement. Any 
material should be placed water-ward of eelgrass beds. For the nearshore site, avoidance 
of high energy areas is important. Early coordination with Department of Natural 
Resources (the landowner) and City of Seattle is essential. 



SITE NO. 1A 

Green-Duwamish G.I. Ecosystem Restoration Feasibility Study 
Project Description and Write-up 

Site Designation: Volunteer Revegetation 

Location 
The location of the proposed project is throughout the entire Green River Basin. The 
project would provide plants to volunteer groups involved in replanting riparian habitat 
along the main stem Green River and its tributaries. Currently on many weekends 
throughout the year volunteer groups plant vegetation at numerous sites from the estuary 
to areas just below Howard Hanson dam. This alternative would also include volunteer 
plantings upstream of Howard Hanson dam and at numerous river and stream sites 

,_-.._ _ __ - - -...- - - t~~.-g&.mrh;e bas”mT - -. .- - -.--. - _.-...-- ____ ._ _ _,__. -- - - _--..--- --_ __ ----- _--- ---- -_-__-_-_ -. 

Site Constraints/Problems 
There is a critical need throughout the basin for riparian plantings along the river and its 
tributaries. Riparian corridors provide essential watershed functions such as buffers, 
shade providers, filters, fish and wildlife habitat, and food sources. 

The majority of the historical trees and vegetation have been destroyed through 
development and agricultural and timber practices throughout the basin. The majority of 
the streams in this basin have very little or no riparian habitat. 

The fisheries resources of the existing river and stream systems include chinook and 
coho salmon (0ncorhynchu.s kisutch), and anadromous and resident cutthroat trout (0. 
clarki clnrki) The pre-disturbed Lower Green River supported a much larger population 
of spawning and juvenile salmon -due to the annual scouring of the small wall tributaries 
and side channels before construction of the Howard Hanson Dam. Many side channel 
areas were cleared of most trees, destroying wetland connections, which provided deep 
rearing pools and critical habitat for salmonids. Also lacking in the Lower Green River is 
large wood that provided. a significant amount of habitat prior to it being removed for 
agricultural practices and urban development. In summary, there is a critical need for 
more fish habitat in the Lower Green River to improve the survivability of downstream 
moving juveniles 

Project Goals 
The goal of this project is to significantly improve the fish and wildlife habitat in the, 
Green River basin. This will be accomplished through collaboration with King County, 
the local public, and private resource agencies. These affiliates will be supplied with a 
significant quantity of plants for use in riparian planting projects throughout the basin 
annual over a 10 year period. This program will promote a significant increase in the 
acreage of riparian plantings placed annually. 
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Proposed Solutions 
n Alternative No. 1 - No action to enhance the existing riparian system. 

. Alternative No. 2 - Work with King County and other public and private agencies 
throughout the basin to provide plants for riparian habitat enhancement through out 
the basin. 

Recommended Plan 
Alternative No. 1 - No action was rejected since the need for additional riparian habitat 
in the Green River basin is critical to the future viability of fish and wildlife. 

Alternative No. 2 - This is the recommended plan. This involves working with the 
County, the public and local districts throughout the basin to enhance the overall 
environmental heath of the Green River basin through a program of riparian plantings. 

Cost Items and Quantities 
Construction line items and quantities are shown in the MCACES portion of the attached 
engineering appendix. 

Conclusions and Recommendations 
We recommend the implementation of a plan that would allow the Corps to work with 
the County and local agencies on the implementation of a comprehensive riparian 
planting program throughout the basin. In areas were new vegetation may.effect stream 
and river flows it will be necessary to insure adequate h&h analysis has been done to 
assure that vegetation does not cause increased flooding and/or damage to privately 
owned lands. 
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SITE NO. 2 

Green-Duwamish .G.I. Ecosystem Restoration Feasibility Study 
Project Description and Write-up 

Site Designation: Duwamish Site 1 

Location 
The project site lies on the east bank of the Duwamish River just north of South 112th 
Street in the City of Tukwila in the southeast quarter of Section 4, Township 23 North, 
Range 4 East. 

Site Constraints/Problems 
Historicamn kuver wa3the set~pansive esmary wirn a 
complex mik of habitat types, including tide flats and intertidal wetlands, as well as 
various channel forms such as large meanders, braided channels, and numerous tributary 
streams. Within this diverse environment, juvenile salmonids had abundant opportunities 
to rest, feed, and acclimate to the brackish water before heading out to sea. Over time, 
the intertidal areas were filled, tributaries were piped and/or made inaccessible, and the 
Duwamish channel itself was dredged and straightened to facilitate Port development and 
industrial use of the adjacent land. What remains is a fairly uniform channel sorely 
lacking in habitat diversity, with very little off-channel habitat available for refuge and/or 
rearing for juvenile salmonids. The loss of this habitat all but eliminated the critical 
transitional environment between fresh and salt water, once found in the side channels 
and intertidal wetlands that are essential to the successful completion of a number of 
lifestage changes for several species of sahnonids (Onchorhyncus). As a result, the 
outmigrating juvenile salmon must rear elsewhere in the system longer and/or leave the 
system weaker and more susceptible to mortality through a variety of causes. 

Project Goals 
The primary goal of this project is to restore important estuarine habitat within the lower 
Duwamish River, with the intent of enhancing salmonid habitat within the Green- 
Duwamish River system as a whole. This would be accomplished by regrading the 
majority of-the subject property to elevations that would be subject to regular tidal 
influence and inundation and connecting that area to the river via an inlet channel. The 
resulting off-channel, intertidal marsh would provide criticalby important transitional 
habitat where juvenile sahnonids have the opporknity to feed, rest, and undergo 
smoltification prior to heading out to the ocean, 
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Proposed Solutions 
For the Duwamish Site 1 project, two options have been considered: 

8 Alternative No. 1 -No action: Under this alternative, the site would remain upland 
and would continue to provide marginal habitat for upland birds and small mammals, 
but would provide little benefit to the Duwamish directly. 

9 Alternative No. 2 - Restoration of estuarine, intertidal habitat along the Duwamish 
River by implementing the following restoration activities: 

n Excavate the fill and native soils on-site to create off-channel, emergent marsh 
and intertidal habitat. The elevations will vary from approximately +2 feet 
(MLLW) at the inlet to +12 feet (MLLW) at the upper edge of the estuarine marsh 
to obtain a diverse and productive intertidal environment. The rest of the. site 
would also be graded at moderate slopes to match existing topography at the 
property edges. 

m Lower the elevation of the existing bank and cut an inlet/outlet channel to the 
river that will allow water to flow freely in and out of the system with the tides. 

m Create gradual sloped benches/terraces within the marsh that are suitable for 
planting of appropriate emergent vegetation. 

m Plant the intertidal wetland with emergent marsh vegetation appropriate to both 
the setting and elevation to stabilize the soils, provide food and cover for 
organisms at all trophic levels; add organic debris into the system, etc. 

m Place large woody debris where appropriate within the marsh and adjacent areas 
to add structure, cover, and complexity to the off-channel areas. 

m Plant the adjacent uplands with native trees and shrubs to provide cover, shade, 
and organic debris input into the system. 

Recommended Plan 
Alternative No. 1 was rejected since it provides no benefit to the Duwamish and fails to 
take advantage of one of the few remaining opportunities to do so. Given its central 
location and zoning, the site will undoubtedly be converted to industrial or commercial 
development, and the opportunity for meaningful restoration will be lost. In addition, it 
is likely that what little function is currently provided would be further degraded by site 
improvements to facilitate commercial or industrial use of the property in the future. 

Alternative No. 2 was selected primarily because it provides a unique opportunity to 
restore important transitional habitat within the lower Duwarnish. Although the exact 
configuration of the excavation can be determined during the final design phase, the 
concept of creating the off-channel habitat is very important. Historic losses in both the 
amount and type of habitats available in the lower Duwamish-Green River system have 
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relegated them to transportation corridors rather than the productive nurseries they once 
were. As a result, juvenile salmonids, including chinook, undoubtedly leave the system 
less fit than they could or should be, and as a result, suffer higher mortality. Given the 
limited opportunities available within this highly urbanized setting, the potential restora- 
tion value of this particular site is significant. Given the site’s history and location, 
however, there is a potential for contaminated sediments to be present in the till material. 
Prior to final cost estimates, the material should be evaluated to determine if additional 
disposal costs should be included. 

Cost Items and Quantities 
Construction line items and quantities are shown in the MCACES portion of the attached 
engineering appendix 

Conclusions and Recommendations 
Acquire the property and proceed with planning, design, and construction of Alternative 
No. 2. Unlike many other types of habitat restoration, the design of this project is 
extremely simple and relies on very predictable natural processes for success. Assuming 
that the site is graded appropriately, the daily tides will flow in and out of the site, 
creating the off-channel, intertidal habitat desired. Although the potential for success is 
high, the value of the site for other uses is also high; therefore, there is a need to acquire 
the site in a timely manner. Even if construction is not possible right away, the site 
should be secured for future habitat enhancement. Some hydaulic design and geotec 
work will be necessary on this site to insure its function under high flow conditions prior 
to construction. Also during the planning engineering and design (PED) phase we need 
to investigate other possible configurations that would include deepening the channel 
down to -2MLLW and the possibility of opening up another entrance to the river. 



SITE NO. 3 

Green-Duwamish G.I. Ecosystem Restoration Feasibility Study 
Project Description and Write-up 

Site Designation: Riverton Creek 

Location 
The project is located in the City of Tukwila, immediately north and east of the 
intersection of State Route (SR) 99 and SR 599, in the northeast quarter of Section 9, 
Township 23 North, Range 4 East. The stream study reach extends &om the Green 
River, upstream to where the stream crosses underneath SR 599. 

Site Constraints/Problems 
River-ton Creek has been heavily impacted both directly by relocation and channelization, 
as well as indirectly by increased flows and sedimentation resulting from urban develop- 
ment. Squeezed between the fill associated with adjacent commercial development and 
state highways, the subject reach has the appearance of a typical roadside ditch for much 
of the project length. The lower reach also has been separated from the Duwamish River 
by a set of culverts with flapgates, which severely restricts fish access and limits the 
influence of the tide on the existing stream. The resulting channel is narrow, lacks 
habitat complexity, floodplain connectivity and has very limited buffer vegetation. 

Project Goals 
The primary goal of this project is to restore and enhance salmonid habitat within 
River-ton Creek and improve its connection to the Duwamish River, using natural 
processes and habitat elements to facilitate upstream migration and to provide juvenile 
off-channel rearing. This would be accomplished by restoring a more natural tidal 
connection between the Duwamish River and River-ton Creek, re-establishing reliable fish 
access to Riverton Creek, and rehabilitating the existing channel to provide productive 
rearing and refuge habitat for sahnonid species. 

Proposed Solutions 
For the River-ton project, three alternatives have been considered: 

. Alternative No. 1 -No action: No modifications to the existing stream conditions. 
Instream habitat would remain poor and isolated from the river/tidal influences. 

m Alternative No. 2 -Restore and enhance the existing channel by implementing the 
following restoration activities: 



Remove the existing floodgates and replace with a bridge to re-establish tidal 
influence and improve fish access to the system. 

Remove accumulated sediments and install suitable gravel substrate. 

Add large woody debris to increase habitat complexity and provide cover for 
juveniles. 

Remove invasive reedcanary grass and Himalayan blackberry and replant native 
trees and shrubs along the remaining buffer. 

. Alternative No. 3 - Create a side channel connected to the Green River by 
implementing the following: 

n Excavate (widen and deepen) an existing ditch/swale along the east side of the 
existing commercial development and install suitable gravel substrate. 

. Replace two culverts, potentially with bridges, and set a new, lower channel 
invert. 

a Plant native trees and shrubs along the new side channel where there is sufficient 
space. 

Recommended Plan 
Alternative No. 1, no action, was rejected because it does not accomplish the goal of 
habitat restoration. 

Alternative No. 2, enhancement of the existing stream channel, was selected because it 
provides a unique opportunity to restore valuable off-channel habitat and improve fish 
access and utilization of River-ton Creek with minimal effort. 

As described above, this alternative will revegetate available buffer areas, improve 
habitat quality and complexity by adding large woody debris, removing accumulated 
sediment, and adding streambed gravel. A backwater (hydraulic) analysis showed that if 
the flapgates were removed, the current loo-year flow would come within approximately 
one foot of overtopping SR 599. The City of Tukwila has stated that this is an acceptable 
risk but addition h&h analysis will need to be done prior to construction. 

Alternative No. 3, construction of a side channel, was rejected primarily because of 
difficulties involved with creating viable off-channel habitat within the space available. 
Based on available information, it appears that the area where the proposed channel 
would be located would need to be lowered by at least 5 feet to ensure tidal influence for 
any meaningful length. This would require replacing the existing culverts under the 
office park entrances with new culverts set to a lower elevation or with bridges. This 
would also require creating over-steepened side slopes and/or a very narrow channel. As 
the value of this type of feature is tied to the amount of area made available, this would 
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seem to create very little estuarine environment at a fairly high cost. A detailed hydraulic 
analysis would be needed to determine if replacing the culverts, potentially with bridges, 
would significantly affect upstream flooding. 

Although the excavation of the existing ditch/swale to create a side channel may have 
merit, the high cost for a relatively small amount of habitat makes it more prudent to 
improve and enhance the existing stream channel and monitor the net benefits. If 
monitoring suggests additional potential, then the second connection can be pursued. 

Based on the conditions within the basin as a whole, it is recommended that the 
restoration focus on the existing stream channel, where the potential for the most cost- 
effective restoration/enhancement can be performed. Once the tidal influence has been 
restored, and other habitat elements are in place, the results can be evaluated and used to 
predict the merits of the more extensive channel creation project outlined in Alternative 
No. 3. 

Cost Items and Quantities 

Construction line items and quantities are shown in the MCACES portion of the attached 
engineering appendix 

Conclusions and Recommendations 
Proceed with detailed planning and design to enhance the existing stream channel and 
monitor the results with the possibility of creating the additional side ch,annel in the 
future as a second phase. One of the concerns with this project is that effective, long- 
term value of the restored lower reach is dependent upon effective sediment and 
storrnwater controls implemented in the upper basin. Without adequate controls, it is 
likely that sediment deposition will continue to degrade the habitat in the lower reach. An 
h&h analysis, water quality study and sediment analysis is necessary prior to 
construction. 
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SITE NO. 4 

Green-Duwamish G.I. Ecosystem Restoration Feasibility Study 
Project Description and Write-up 

Site Designation: Codiga Farms 

Location 
The site is located in the City of Tukwila near 50’ Place South and South 130th Place. 

Site Constraints/Problems 
Currently, the site is occupied by a farm and a pea patch. The purpose of the project is to 
restore tidal hydrology to the Codiga Farm site. Historically, this portion of the 
Duwamish had a broad and connected flood plain, Within the tidal portion of the flood 
plain existed estuarine marshes and sloughs. Starting in the 1860’s levees were 
constructed at the marsh edges and these areas were converted to agricultural production 
such as hop fieids. Sloughs in the area were also frlied to make more farmable hd. Ic 
many places farmland was then converted to housing or industry. In this particular 
location, a farm is still present. From a fish and wildlife standpoint, this conversion had 
harsh consequences. The levees and fill that was placed along the margins of the tidal 
portions of the River interrupted the flow and as a result, nutrient export from the 
marshes to the adjoining habitats such as mudflats was diminished. Intertidal sloughs 
that were once reftige areas for juvenile fish (salmon, sculpins, and sole) shorebirds 
(dunlin, sandpiper and yellowlegs) and waterfowl (pintail, and baldpate) was lost. The 
continuity of the large interspersed habitats of the estuary became fragmented. This 
project offers .an opportunity to restore some of the former estuary. Perhaps even more 
significant is the location of the site. Codiga farms is in the brackish to fresh water tidal 
area making it a prime area where juvenile salmon change their physiology from a 
freshwater to salt tolerant. 

Project Goals 
The goal of the project is to restore tidal hydrology to the site in the form of a slough. 
This slough would then provide rearing and feeding habitat for juvenile fish. In addition, 
a fringing estuarine marsh will also be planted at the site providing primary productivity 
and nutrient export. A third objective, unique to this site would be educational benefits to ’ 
the public. Through the use of interpretive signage and observation area, information of 
estuarine and riverine ecology could be disseminated. 

Proposed Solutions 
Several alternatives were considered for this project. They include: 

8 Alternative No.l-No Action: The city could maintain the existing farm and small pea 
patch. This would not achieve the goal of restoring historic hydrologic conditions. 

8 Alternative No 2- The site would be converted wholly to a park. A large picnic area 
could be built and the pea patch expanded. The farm could be turned into a 
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demonstration area for historic farming that once occurred throughout this portion of 
the valley.. 

m Alternative No 3- This alternative would restore much of the property to tidal 
influence. Two new channels would be excavated back into the property (total length 

5 about 800-ft. The outlet would be down river from the existing sand spit. The 
bottom elevation would be about +2 (MllW=O) allowing some water in the slough 
most of the time. One side of the pond would be at a slightly higher elevation 
allowing for some off-channel refuge at high water. Woody debris such as large 
shunps with root wads would be put in the new channel to provide cover. Adjacent to 
the channel would be an intertidal bench at the appropriate elevation to grow 
fi-eshwater estuarine emergent plants such as sedges and rushes. Insects associated 
with this type of vegetation would provide prey resources for juvenile fish using the 
new channel. A fifty-foot riparian buffer would be planted on the uplands adjacent to 
the channel providing shade and shield against local disturbance. Finally, around the 
channel certain compatible park features would be included such as an observation 
platform with interpretive signing, maintain the existing pea patch, a hand boat launch 
a gravel parking area and small picnic pavilion with associated parking lot. On the 
upriver portion of the project on the bench of the Green a 300 ft. berm would be 
constructed for flood protection. This berm would be constructed on uplands and 
planted in vegetation upon completion of construction. The purpose of the berm is to 
keep the river in its channel and not allow it to move and destroy the tidal marshland 
and the rest of the park. 

Recommended Plan 
Alternative three is the preferred alternative. It provides a rare opportunity to gain some 
unique habitat types that have long been missing from this portion of the,river. This 
project also has an opportunity to provide an education and low impact recreation benefit. 

Cost Items and Quantities 
Construction line items and quantities are shown in the MCACES portion of the attached 
engineering appendix 

Conclusions and Recommendations 
The alternative three provides the best chance of insuring habitat benefits while 
accommodating human needs. Since this area has been designated to be a park it is 
import to maintain some of the public amenities while also insuring the biological 
integrity of the restoration effort. With the park designation this project offers the 
opportunity to provide habitat benefits and public education while offering low impact 
human uses. There is currently a pea patch on site that needs to be retained. A hand 
boat launch, parking lot, picnic area and observation platform are features that should be 
included. We recommend that any new parking or walking areas be done in gravel 
instead of asphalt. One concern is the current and past use of the site. Soil testing should 
occur in the area that was farmed and compared to current regulatory standards prior to 
any work. There should be some analysis of the tidal elevations in the area to make sure 
the mouth is set at the correct elevation. Reference areas for emergent vegetation should 
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also be established. An h&h analysis of the effects of tidal fluctuations and flood flows 
on the project and the entrance conditions will be done prior to project construction 
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SITE NO. 5 

Green-Duwamish G.I. Ecosystem Restoration Feasibility Study 
Project Description and Write-up 

Site Designation: Black River Marsh 

Location 
The site is located in the city of Renton, just down river from the Black River Pumping 
Plant in Fort Dent. This project is at the confluence of The Green River and the Black 
River. 

Site Constraints/Problems 
Estuarine habitat in the lower GreenDuwamish has greatly diminished over the last 100 
years. Almost 99% of intertidal habitat has been lost to some kind of development. 
Especially rare are fresh water emergent marshes. Historically, there was a large marsh 
located at the confluence of the Black River and the Duwamish near the current Ft. Dent 
Park. Emergent marshes provide a number of benefits to fish and wildlife. They provide 
significant primary productivity, nutrient export, and food and refuge at high tides for 
juvenile salmon and trout. It is especially important to provide young fish an 
opportunities for refuge and feeding as they migrate downstream for ocean migration. In 
addition, there is also a need for a more established riparian area from the Black River 
pumping station to Ft. Dent. The newly planted riparian belt would provide shade to the 
Black River; it would also buffer the.River from disturbance from adjacent uses (railroad, 
traffic etc.). Once the newly planted trees matured, they would provide food and remge 
for a variety of birds, including passerines such as white crowned sparrows, chickadees, 
and kingfisher as well as great blue heron and red tailed hawks. Long, continuous strips 
of mature trees would also provide migration corridors for surrounding wildlife. The area 
around Ft. Dent has been fragmented over time by construction of a quarry, railroads, 
water treatment facility and roads. There is still remnant patches of rivereine habitat just 
upstream of the pumping plant and this riparian strip would offer some amount of 
connectivity between there and the confluence of the Black River. 

Project Goals: 
The-objectives for the intertidal emergent marsh are to provide primary 
productivity/nutrient export to the surrounding system and to allow juvenile salmon and 
trout access at higher tides for fish refuge and feeding. The goal of the riparian planting 
is to provide habitat connectivity and a buffer fi-om local disturbance. Also, water quality 
benefits such shading (to help keep instream temperatures down) and filtration of runoff 
from adjacent land uses should be realized once the vegetation has matured. 

Proposed Solutions 
A number of alternatives were considered for this project. There was an understanding 
that this area was lacking in opportunities for juvenile salmon and trout rearing habitat. 
The Black River and Springbrook creek still have viable populations of migratory fish. 
Also lacking down river from the plant was any significant riparian habitat. The question 
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was, with most of the immediate area already developed where were the opportunities to 
locate the needed habitat. 

. Alternative one: Do nothing, maintain the status quo (the no action alternative). This 
alternative was rejected because it did not meet the project goals of providing habitat 
benefits to an area that needed them. 

. Alternative two: Some consideration was given to constructing a channel from a pond 
located near the playing fields in Ft. Dent park to the Black River. This channel 
would have given access to juvenile fish to the pond for rearing and feeding. Wetland 
plants would have been added to the pond and a riparian buffer would have been 
planted next to the newly excavated channel. The alternative was reject because of 
site constraints. The channel to connect the pond and the river would have to have 
been fairly deep. There is little elevation difference between the pond and the river so 
the channel would have been flat causing concern for potential fish stranding at low 
tides. Finally, do to the limit space in the park, there was only a narrow strip to 
excavate the channel in. The sides slopes for the channel would almost be vertical. 
From a structural standpoint there would always be anxiety over the channel 
collapsing. In addition there would also not been much room to plant vegetation next 
to the newly constructed channel. 

n Alternative three: This alternative proposes to remove about 200 cubic yards of fill 
fkom the Ieft bankbne of the Black River at the confluence with the Green just south 
of the railroad tracks. The final elevation would be about +10 (MllW=O). This small 
area would then be planted in sedges and or rushes. A few large stumps with root 
wads would be placed to provide cover. This alternative also proposes to create a 50- 
ft. wide riparian buffer along the banks of the Black River from the pumping plant to 
the confluence. Existing blackberries and other noxious weeds would be removed. ’ 
Trees, such a cottonwood, fir, cedar, willow and alder would be planted. Scrubs, such 
as current, cascara, rose, snowberry and thimbleberry would also be planted. 

Recommended Plan 
Due to site and multiple landowners constraints, alternative three is recommended. 

Cost Items and Quantities 
Construction line items and quantities are shown in the MCACES portion of the attached 
engineering appendix 

Conclusions and Recommendations 
Alternative three does seem like the best option although there is limited room to 
construct a very large project. Also, there will be ongoing disturbance from the raihoad 
line that runs through the project area. Water quality in the Black River has also been a 
concern although upon maturation this project should provide some benefits in this arena. 
The opportunity to gain any estuarine marsh in this area regardless of the size should be 
seized upon. Prior to construction H&H and geotechnical studies should be conducted to 
determine effects of possible scour on the project entrance, railroad bridge, and 

15 



constructed marsh. This analysis should also include the effects of the LWD on existing 
structures and facilities. 
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SITE’NO. 6 

Green-Duwamish G.I. Ecosystem Restoration Feasibility Study 
Project Description and Write-up 

Site Designation: Gilliam Creek 

Location 
The project site is located in the City of Tukwila, WA, at the confluence of Gilliam Creek 
and the Green River at River Mile (RM) 12.5. The confluence of the Gilliam and Green 
Rivers can be found east of the I-405 & I-5 interchange, near the South Center Mall’s 
north entrance. The site extends approximately 2000 feet upstream along Gilliam Creek. 

Site Constraints/Problems 
Gilliam Creek drains auaroximatelv 1,900 acres (Perteet, 1994, KCM, 1986). Its upper 
basin, contained within the City of SeaTac, is subject to poor water quality, erosion of the 
stream banks, and siltation within the stream corridor (Parteet, 1994). Culverts in the 
vicinity of 42”d Avenue South and South 1 54th Street were determined undersized and 
would likely flood the roads in the 25year storm events (KCM, 1986). The lower basin 
land use area is predominately commercial and high-density residential property whose 
storm drainage is routed to Gilliam Creek via a storm drainage system. The last 2000 feet 
of Gilliam Creek is a series of ditches and culverts. All runoff from the basin is 
discharged through a 108 inch flap-gated culvert which currently prohibits fish passage, 
into the Green River (KCM, 1986). At the Gilliam Creek Confluence, the Green River is 
constricted by levees on both sides and is tidally influenced. 

The existing ff apgate can become submerged during high flows in the Green River 
impeding drainage from Gilliam Creek which can result in local urban flooding (KCM, 
1986). Due to increased urbanization within the basin, the tributary’s ability to provide 
salmon habitat and spawning grounds has been reduced. 

Project goals 
The proposed project will eliminate present fish barriers and improve approximately 
2000 feet of Gilliam Creek to provide for enhanced winter hearing and spawning 
sahnonid habitat while maintaining the current level of flood protection to the regional 
area. 
Project construction should be limited to the areas immediately surrounding Gilliam 
Creek,and its confluence with the Green River while minimizing the impact to existing 
vegetation. Temporary erosion and sedimentation control measures should be integrated 
to prevent the transport of sediment into the Green River. Excavated material should be 
removed from the site. Gill&n Creek should be landscaped to include large woody 
debris (LWD), riparian vegetation, and stream gravel. 

The entrance to Gilliam Creek must provide passage at all tide stages, meet Washington 
Department of Fish and Wildlife (WDFW) criteria, and should target sahnonid 
requirements. 
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The primary concern is to maintain the current level of flood protection while providing 
for project goals. The intent of the project is to provide for fish passage during low flow 
conditions up to about 6000 cfs, which is well above the expected average winter flows. 
Fish passage above these flows would not to be provided. 

This project must comply with King County’s drainage manual to insure that current 
regulations pertaining to flooding and sediment issues are addressed. To ensure that 
current flood conditions are not exacerbated, enhanced channel conditions will need to be 
modeled. Advanced engineering design efforts will also need to address flood impacts 
presented by this project. 

Proposed Solutions 
Three sections of alternatives are proposed. Each section coincides with the purposes of 
the project: removal of fish barriers, habitat enhancement, and spawning grounds 
enhancement. 

Removal of Fish Barriers: 
. Alternative 1: No Action. No modifications to the existing flap-gated culvert. 

Fish passage and access to Gilliam Creek would remain unchanged. 
9 Alternative 2: Fish Ladder. Modify the existing entrance with a self- 

regulating tidegate (SRT) and the existing apron to provide a fish ladder. 
n Alternative 3: Sub-channel. Add a sub-channel within the existing culvert and 

fit with a gate to provide protection’ from high ‘flows. 
n Alternative 4: New Culvert. Install a new culvert positioned to be accessible 

during low flow conditions whose entrance is controlled by a SRI’. 

Habitat Enhancement: 
m Alternative 1: No Action. No modifications to the existing stream conditions. 

Habitat conditions would remain unchanged. 
a Alternative 2: Increase Creek Diversity. Field place LWD and riparian 

vegetation to increase creek diversity. 
m Alternative 3: Widen Creek. Increase the existing channel by pushing the 

north bank (I-405) to the I-405 Right-of-way. Field place LWD and riparian 
vegetation. Increase creek sinuosity if settling velocities permit. Provide 
additional flood storage. 

Spawning Grounds Enhancement: 
m Alternative 1: No Action. No modification to the existing stream spawning 

conditions. Conditions would remain unchanged. 
m Alternative 2: Enhance the current conditions by the addition of gravel in 

selected location. 

Recommended Plan 
Removal of Fish Barriers: 
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Alternative 2 is the recommended alternative. Alternative 1, the No Action alternative, 
does not meet the purpose of the project and is not a viable option for this site. 
Alternatives 2,3, and 4 meet the project purpose. Alternative 2, the fish ladder 
alternative calls for modifying the existing entrance with a SRT and the existing apron to 
provide a fish ladder. Additional budget concerns might include operation and 
maintenance costs. Alternative 3 requires construction of a sub-channel under the 
existing culvert. The complexity of construction eliminates this alternative. Alternative 
4, the installation of a new culvert with a SRT would provide access at low flow 
conditions while maintaining the current level of flood protection to the local area. 
However, this alternative would prove expensive and possibly compromise flood 
protection during construction. 

Habitat Enhancement: 
Alternative 3 is the recommended alternative. Alternative 1, the No Action alternative 
does not meet the purpose of the project and is not a viable option for this site. 
Alternative 2 and 3 meet the project purpose, however Alternative 2 only increases the 
existing creek diversity and misses the opportunity to maximize habitat enhancement. 

Spawning Grounds Enhancement: 
Alternative 2 is the recommended alternative. Alternative 1, the No Action alternative 
does not meet the purpose of the project and is not a viable option for this site. 

In summary, it is recommended that the existing flapgate be modified with a SRT and a 
fish ladder be installed (Removal of Fish Barriers: Alternative 2). Habitat enhancement 
should include widening the creek and provide for LWD and riparian vegetation (Habitat 
Enhancement: Alternative 3). The addition of gravel pads is recommended to improve 
spawning grounds (Spawning Grounds Enhancement: Alternative 2). 

Water surface elevations and flows at this location will be needed for the 2,25, 50 and 
loo-year events to insure fish passage and further design efforts. The effects of tidal 
fluctuations should also be considered. 

The addition of a fish access will allow for fish passage low flow condition to Gilliam 
Creek. .The existing flapgate will be replaced with a SRT. The proposed SRT is a float- 
actuated water control valve. The SRT will remain open during most flow conditions. 
Upon a preset flow elevation of the Green River, the SRT will close to ensure the existing 
level of flood protection is maintained. The SRT will reopen once the high flows have 
receded allowing fish access again. It will be necessary to address low flow, peak flood 
flow, and the maximum water velocities to properly set the SRT. 

Access to the modified culvert will be provided by a fish ladder. Conceptual plans for 
the fishway req..ure a minimurr pool size of 6 foot (L> by 4 foot (W) per 1 foot drop. The 
fishway will have a turn pool so that the entrance to the fishway is downstream to avoid 
intruding into the Green River. Initial fishway drawings have been included. It will be 
necessary to assess hydraulic conditions for fishway design and the ability of the fish to 
bypass the SRT during low flow conditions. 
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The enhancement to the channel is estimated to be 2000 feet in length. Assuming the 
proposed channel will be trapezoidal in shape, have 3H: 1V side’slopes, and a 8-f-t bottom 
width, a Manning’s coefficient (n) of 0.035, the channel will be able to convey 
approximately 300 cfs at a depth of approximately 5 feet and provide for increased 
‘storage. The sinuosity of the lower section of the stream channel could be increased and 
held by rock anchors depending on stream velocities. Depending on available space, 
stream banks could be terraced to provide for depth during low flow conditions. For 
erosion and sedimentation control a coir fabric can be used until the bank is stabilized by 
vegetation. The use of root wads to provide further stability and habitat benefits should 
be field placed in the new channel at the toe of the slope every two stream widths on 
average at offsetting sides. Additional habitat enhancement consists of riparian 
vegetation to provide to instream structure and cover, and the enhancement of a small 
pond located near the western end of the project. The non-channel planting zone should 
extend from the channel edges through the construction areas. The Gilliam Plan, Profile, 
and Typical Section drawings reference woody debris and riparian plantings. It will be 
necessary to model basin hydrology and tributary hydraulics in advanced engineering 
design efforts. 

Spawning gravel should be added to areas determined to be best suited to the needs of the 
salmonid. Pool bottoms should be lined with gravel. Successful creation of spawning 
grounds will depend somewhat on efforts to minimize sedimentation within the pools. 
Increased sedimentation concerns may be a long-term operation and maintenance 
consi’deration. Advanced engineering and design efforts to model ‘the hydrology and 
hydraulics of the basin should address these issues. 

Cost Items and Quantities 
Construction line items and quantities are shown in the MCACES portion of the attached 
engineering appendix. Quantities were calculated based on the information obtained 
during HDR’s site visit and from topographical mapping provided by the Corps. Given 
the extent of the survey, hydrologic, and hydraulic information, at this time, a 15 percent 
contingency has been applied to the quantities. An additional 25 percent cost 
contingency will be added when the USACE prepares the cost estimate unless otherwise 
specified. 

Conclusions and Recouimendations 
The Gilliam Creek project can meet the project purpose with the recommended tributary 
and habitat improvements. The following items should be considered in the advanced 
engineering and design phase: 

1. A detailed field survey to identify local topography, culvert elevations, and ditch 
details. 

2. A detailed hydrologic and hydraulic including a sediment analysis of the basin is 
recommended. 

3. Criteria and design of fishway passage. 
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4. Sediment transport analysis from the upper basin to develop final designs that 
minimize deposition along spawning grounds in the lower basin. 

5. Determine operation and maintenance costs associated with the fish ladder. 
6. A h&h analysis of the Green River in the vicinity of the proposed fish ladder needs to 

be done to determine its effect on the River and its integrity under high flow and high 
sediment conditions. 

Figures 
Gilliam Creek Plan, Profile, and Typical Section 
Self Regulating Tidegate Details 
Fishway Details 
1 -Stage Channel Riverine Planting Scheme Detail 
1 -Stage Woody Debris Drawing 

References 
KM, Inc., Gilliam Creek Basin Drainage Study, report to City of Tukwila, Public 
Works Department, June, 1986 

Perteet Engineering, Inc., Design Memorandum for Gilliam Creek Detention and Water 
Quality Enhancements, report to the City of Tukwila, Department of Public Works, 
October, 1994 
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SITE NO. 7 

Green-Duwamish G.I. Ecosystem Restoration Feasibility Study 
Project Description and Write-up 

Site Designation: Lower Springbrook Reach 

Location 

m The Springbrook Creek water supply watershed is located east of SR 167 and south of 
the City of Renton. The Creek flows north and west across SR 167 to the Black River 
Pump Station. Portions of Springbrook Creek are located within the City of Renton 
including the Lower Springbrook Site. This reach of Springbrook extends from SR 
167 to upstream of the Black River Pump Station forebay. A portion of Upper 

c “I 
Renton is planning channel modifications within this reach between SW 34th Street 
and SW 40th Street and between SW 16” Street and SW 23’d Street. These 
modifications have been incorporated in this report. Refer to Springbrook Creek 
location map, Figure No. 2. 

Site Constraints/FrobIems 
Based on discussion in the field, the Corps identified appropriate locations for minimum 
disturbance channels. Such channeling was defined as one-stage and is to have minimal 
impacts on the surrounding habitat. Otherwise; two-stage channeling was designated 
where re-channeling was specified. In either case, the proposed channel has a higher 
cross sectional area than that of the existing channel to help prevent a decrease in the 
channel’s hydraulic capacity. 

n Site constraints are described as follows in the City of Renton East Side Green River 
Watershed Project, Plan and Environmental Impact Statement, Volume I, September, 
1997 (Renton ESGRWP) The site is lacking in riparian vegetation, and native canary 
grass and black berry shrubs leave the stream surface open to solar insulation. The 
existing canopy also provides access for fish-eating birds. There is essentially no 
instream habitat such as woody debris. Further, certain reaches of the stream would 
benefit from two-stage channeling. 

Project Goals 

B The goal at the Lower Springbrook reach is to create a natural habitat for rearing and 
storm refuge. Habitat improvements would include plantings in the riparian corridor 
and placement of large woody debris in the creek. Further, certain reaches of the 
stream would benefit fi-om two-stage channeling. The City and the Natural Resource 
Conservation Service (NRCS) are implementing a project to increase the capacity of 
lower Springbrook Creek. The goal of this project will be to incorporate fish and 
wildlife habitat features into the City-NRCS project during and after construction. 
This will require continued coordination to ensure a good multi-purpose project. 
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Proposed Solutions 
n Alternative No. 1 - No Action: No modifications to the existing stream conditions. 

Habitat conditions would remain marginal. 
= Alternative No. 2 - Implement the following restoration activities: 

n Place LWD and plantings in a two-stage re-channeled reach between SW 16th 
Street and SW 23rd Street with minimal disturbance of the low flow channel. 
Place LWD and plantings in a single-stage re-channel on the west side of the 
reach between SW 34th Street and SW 40th Street with no disturbance of the low 
flow channel. 

n A 30-foot buffer will be planted and LWD placed between SW 23’d Street and 
SW27th Street. 

. Placement of large woody debris would introduce stream shade and structure. 
Small woody debris should also be placed in dendrites. 
P rbnrlr;tPc h; 

about 4 feet wide at the main channel and meander along the natural slope, 
narrowing gradually and ending at ground elevation. Dendrites should be created 
about every l/4-mile along the main channel. 

n Hummocks can be formed with cut material from dendrite construction and re- 
channeling. 

Recommended Plan 
The no action alternative will not achieve the project goals and is not a viable option for 
this site. Alternative No. 2 is recommended to accomplish the project goals. 

The conceptual design for the recommended plan is depicted in the Lower Springbrook 
Reach Site Plan, See the attached Figure 

The two-stage channel configuration with riparian planting scheme can be found in the 2- 
Stage Channel Detail, Figure No. 13. Channel design dimensions were taken from the 
Renton ESGRWP. Plantings include a combination of shrubs, coniferous and deciduous 
trees to be planted in natural random clusters. Water fluctuation zone plants will further 
reduce water temperatures, increase dissolved oxygen levels, and bind the soil. Pacific 
willow and red alder, are to be staked in the water fluctuation zone along channel side 
slopes at a maximum ninety-degree angle. Quantity calculations for all 3 plant types in 
the water fluctuation zone (2 staking plants and slough sedge) were based upon a 3 row 
zone with one row of each type with plants 2-feet center to center and rows 1 to 2 feet 
apart and staggered. Each row, however, should be a random mix of the plant types. 
Refer to One Stage Channel Detail, Figure No. 12, for riparian plantings scheme along 
one-stage reaches. 

Approximately 1300 feet of the riparian planting work would be on City owned lands and 
between SW 27th Street and SW 30th Street. The remaining 3200 feet of riparian 
plantings would be on private property andirequiring the permission of the property 
owner. Any instream habitat improvement would require the permission of the KC 
drainage district no 1, which owns a 40-foot width of ROW along the creek. 
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A Woody Debris Pool Detail, Figure No. 14, depicts a typical pool with rootwads keyed 
into the channel side slopes. Pools bottoms, where possible, should be lined with gravel. 
Excavating moderate pools for placement of wood will prevent it from decreasing the 
hydraulic capacity of the channel. At the outlet of each pool, an 1% to 24-inch cedar log 
should be placed along the channel bottom and buried in the banks. The log will prevent 
down cutting at the constriction. 

For construction quantity purposes, a woody debris pool with two pieces of debris was 
placed about every 50 feet. This is consistent with the placement of one piece of large 
woody debris every two stream widths for streams of about 12.5 feet wide. 

Dendrites serve as storm refuge and offer additional habitat. Construction of hummocks 
reduces the amount of excavated material to be hauled off-site and provides varied 
riparian topography. Refer to the Dendrite and Hummock Detail, Figure No. 15, for 
typical cross sections. 

Cost Items and Quantities 
Construction line items and quantities are shown in the MCACES portion of the attached 
engineering appendix. The table was developed as a standard to,be used for all of the 
sites. As such, some of the line items are not applicable and are left blank. Quantities 
were calculated based on the information obtamed HDR’s site visit and from mapping. 
Given the extent of survey, geotechnical, hydrologic, and hydraulic information available 
at this time, a 40 percent contingency has been applied. 

Conclusions and Recommendations 
The Lower Springbrook Reach can be cost-effectively restored via the above proposed 
habitat improvements. As part of the final design, we recommend that a detailed site 
survey, geotechnical investigation, and hydrologic/hydraulic and sediment transport 
analyses be conducted. Also an analysis of local scour on LWD will be done. 
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SITE NO. 8 

Green-Duwamish G.I. Ecosystem Restoration Feasibility Study 
Project Description and Write-up 

Site Designation: Upper Springbrook Reach 

Location 

= The upstream boundary of the Upper Springbrook Reach begins where the creek 
crosses from the south to the north side of S. 55th Street. The Reach continues west 
along the north side of S. 55th Street until it reaches the SR 167 east R-O-W. Refer to 
Springbrook Creek location map, Figure No. 2. 

- 
Site Constraints/Problems 
Corps personnel to add environmental site constraints. 

-___---- 

g The site is lacking in riparian vegetation, and native canary grass and black berry 
shrubs leave the stream unshaded. ‘The existing canopy also provides access for fish- 
eating birds. There is essentially no instream habitat such as woody debris. Further, 
certain reaches of the stream would benefit from two-stage channeling. 

. Sediment from upstream runoff originating in the City of Renton’s jurisdiction causes 
a channel maintenance problem and plugs the Washington Department of 
Transportation culvert under 405. 

Project Goals 

n The goal at the Upper Springbrook reach is to create a natural habitat for spawning, 
rearing, and storm refuge. Restoration along Upper Springbrook will include adding 
channel spawning gravel, large woody debris, and riparian planlings. 

m An effective means of sediment removal with minimal disturbance to the creek is also 
a project goal. 

= Provide fish passage under South 55 Street. 

Proposed Solutions 
9 Alternative No. 1 - No Action: No modifications to the existing stream conditions. 

Habitat conditions would remain marginal. 
9 Alternative No. 2 - Implement the following restoration activities: 

n Minimal stream disturbance conveyance is recommended; gently meander and 
maintain one stage stream configuration. The stream should be shifted to the 
north away from the street to accommodate meandering. 

m Spawning gravel placement is recommended. 
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A sediment trap at the north end with an access road to one side for maintenance 
and numerous plantings on the other side is suggested. 
Placement of large woody debris will introduce stream shade and structure. 
About 5 such pools are recommended. A 1 00-foot corridor of riparian vegetation 
along the existing and proposed channels is recommended. Any reedcanary grass, 
blackberry, purple loose stribe, and other harmful weeds should be removed prior 
to planting. 
Hummocks can be formed with cut material fi-om dendrite construction and re- 
channeling. 
Provide a fish tiendly culvert under South 55fh Street 

Recommended PIan 
The no action alternative will not achieve the project goals and is not a viable option for 
this site. Alternative No. 2 is recommended to accomplish the project goals. 

The conceptual design for the recommended plan is depicted in the attached Upper 
Springbrook Reach Site Plan, Figure No. 10. 

The proposed channel has a larger cross sectional area than that of the existing channel to 
offs’et any decrease in the channel hydraulic capacity. 

One-stage channel configuration with riparian planting scheme can be found in the l- 
Stage Channel Detail, Figure No. 12. Plantings include a combination of shrubs, 
coniferous and deciduous trees to be planted in natural random clusters. Water 
fluctuation zone plants will further reduce water temperatures, increase dissolved oxygen 
levels, and bind the soil. Pacific Willow and Alder, are to be staked in the water 
fluctuation zone along channel side slopes at a maximum ninety-degree angle. Quantity 
calculations for all 3 plant types in the water fluctuation zone (2 staking plants and slough 
sedge) were based upon a 3 row zone with one row of each type with plants 2-feet center 
to center and rows 1 to 2 feet apart and staggered. Each row, however, should be a 
random mix of the plant types. 

A sediment trap, depicted in the Upper Springbrook Reach Drawing, is installed to 
provide easy access for operation and maintenance purposes. The design includes an 
access road to allow city staff to excavate and remove sediment with minimal disturbance 
to the downstream reach. The design also includes a bypass feature so that work can be 
conducted outside of the stream flow, minimizing water quality concerns and avoiding 
permitting issues. Detailed siting analysis for the proposed sediment trap will be 
performed prior to construction. Remove the existing sediment trap at SR 167 as it now is 
a fish blockage. 

A Woody Debris Pool Detail, Figure No. 14, depicts a typical pool with rootwads keyed 
into the channel side slopes. Excavating moderate pools for placement of wood will 
prevent it from decreasing the hydraulic capacity of the channel. At the outlet of each 
pool, an 18- to 24-inch cedar log should be placed along the channel bottom and buried in 
the banks. The log will prevent down cutting at the constriction. 
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For construction quantity purposes, a woody debris pool with two pieces of debris was 
placed about every 50 feet. This is consistent with the placement of one piece of large 
woody debris every two stream widths for streams of about 12.5 feet wide. Gravel should 
be placed at tailouts and riffles to facilitate spawning. 

Construction of a fish friendly Culvert under South 55th Street. 

Cost Items and Quantities 
Construction line items and quantities are listed in the MCASES construction cost 
estimate section in this appendix. Quantities were calculated based on the information 
obtained during HDR’s site visit and from mapping. Given the extent of survey, 
geoteclmical, hydrologic, and hydraulic information available at this time, a 40 percent 

Bntmgay nas oeen applied. - 

Cost Items and Quantities 
Construction line items and quantities are shown in the MCACES portion of the attached 
engineering appendix. 

Conclusions and Recommendations 
The Upper Springbrook Reach can be cost-effectively restored via the above proposed 
habitat improvements. As part of Advanced Engineering and Design, we recommend 
that a detailed site survey and hydrologic/hydraulic analyses be conducted. A sediment 
transport analyses will be required for siting and sizing the proposed sediment basin. Also 
an h&h analysis will include local scour analysis of the proposed LWD and log grade 
controls to assess stability under a range of flow conditions. 
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SITE NO. 9 

Green-Duwamish G.I. Ecosystem Restoration Feasibility Study 
Project Description and Write-up 

Site Designation: Mill Creek East 

Location 
Mill Creek projects encompass four sites that have been recommended by the City of 
Kent. The project sites are located in the City and are named Memorial Park, State 
Route (SR) 167,76th Avenue South and South 212th sites. The Memorial Park site is 
located north of James Street and west of Jason AvenueB8th Avenue South. The SR 167 
site is adjacent to SR 167, west of East Valley Highway/84th Avenue, south and north of 

--_Nny.~aeThf!7hthAvFtnliPcnllthsiteis~~~~ 76th Avenue South and 
72nd Avenue South. The South 212th site is located north of South 212th Street and west 
of 77th Avenue South. 

-- 

Site Constraints/Problems 
Residential development in the upper reaches and industrial development in the lower 
Green River floodplain have heavily impacted Mill Creek. Impacts include relocation, .. 
channelization, increased flows, and sedimentation resulting from urban development in 
the headwaters. In places, it is squeezed between buildings, and alongside road fills and 
state highways. At most of the project locations, the creek reach has the appearance of a 
typical roadside ditch. The resulting channel has limited floodplain storage and limited 
shade and canopy trees in the buffer. The charmel is narrow and lacks habitat complexity 
and floodplain connectivity. 

Project Goals 
The primary goal of this project is to restore and enhance sahnonid habitat within Mill 
Creek usig natural habitat elements and ecosystem-based processes. This would be 
accomplished by restoring a more natural stream channel that provides riparian functions 
for fish habitat in low-flow and high-flow regimes, re-establishing reliable fish access to 
upper,reaches of the creek, and rehabilitating the existing channel to provide productive 
rearing and refuge habitat for sahnonid species. In addition, a more sinuous stream 
alignment, side channels, high-flow benches, riparian planting, large woody debris 
(LWD), and constructed pool and riffle sections will be integrated to achieve the project. 
goals. 
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Proposed Solutions 
For the Mill Creek project, three alternatives were considered: 

m Alternative No. 1 -No action: No modifications to the existing stream conditions. 
In-stream habitat would remain poor and isolated. This alternative would not achieve 
the goal(s) of restoring natural processes or rehabilitating the stream. 

n Alternative No. 2 - Restore and enhance the existing channel by implementing the 
following restoration activities at the proposed locations: 

m Create a more sinuous stream alignment and improve fish access and passage to 
the system. 

a Utilize plantings to achieve a riparian canopy, habitat complexity, temperature 
moderation nutrient input and insect recruitment. ---.---ppLw -‘----.------------- -_.___ __ ~--- -~ 

m Remove accumulated sediments and install suitable-sized substrate. 

. Add LWD to increase habitat complexity and provide in-stream cover for 
juveniles. 

m Where feasible, purchase a 50-foot buffer/easement on each side of the stream 
and remove invasive plants and replant native trees and shrubs. 

In general; the proposed restoration sites were selected based mainly on the degree of 
resource impairment, the potential for improvement, and the potential success of 
restorati’on. Stream reaches that have already been restored and/or are estimated to have 
existing good habitat were excluded from the site-selection process. 

m Alternative No. 3, other sites considered by the City. 

c Daylightiig of a 175foot-long section of Mill Creek passing under the Bowen 
Scarff car dealership has been investigated. 

. 

m Rehabilitation of Mill Creek through the Western Processing Super-fund site was 
investigated. 

Recommended Plan 
Alternative No. 1, no action, was rejected because it does not accomplish the goal of 
habitat restoration using a process-based approach. 

Alternative No. 2, enhancement of the existing stream channel, was selected because 
it provides an opportunity to restore valuable in-stream and off-channel habitat, re- 
introduces large components of the natural stream processes, and improves fish access 
and utilization of Mill Creek. 
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As described above, this alternative will also revegetate available buffer areas and 
increase habitat quality and complexity, add LWD, remove accumulated sediments, and 
replenish streambed gravel. 

Based on the conditions within the basin as a whole, it is recommended that the 
restoration focus on the proposed locations where the potential for the most effective 
enhancement can be performed. 

Alternative No. 3 - Other sites considered by the City but rejected include. 

= Bowen Scarff car dealership site. The alternative was not pursued due to limited land 
availability for a new creek location and the cost for a sufficient easement. 

m Western Processing Superfund site. It was decided that an ecosystem restoration 
__ _-_ -.- -- ..-_ project wouldb e very complicated due to existing cleanup orders, legal issues, ------- .---------;---.------.---‘p-- __-,__-________ 

presence of contaminants, and inherent environmental constraints. 

Many stream reaches in need of restoration were excluded due to the potential project 
cost and complexity. Additionally, the achieved benefits would not be as great as the 
proposed locations. Similarly, in some cases, existing development simply precludes 
effective habitat restoration. Examples of this include existing roads and buildings near 
streams and existing underground utilities. 

Cost Items and Quantities 
Construction line items and quantities are shown in the MCACES portion of the attached 
engineering appendix. 

Conclusions apd Recommendations 
Proceed with detailed planning and design to enhance the stream channel, as described in 
Alternative No. 2, and monitor the results. Design efforts should include hydrologic and 
hydraulic modeling to ensure that the addition of LWD does not exacerbate flooding. 
The long-term benefits, which are envisioned, are dependent upon effective stormwater 
and land-use controls implemented in the upper basin. Without adequate controls, it is 
likely that erosion, sediment deposition, and high temperatures will continue to degrade 
the habitat in the lower reach. 
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SITE NO. 10 

Green-Duwamish G.I. Ecosystem Restoration Feasibility Study 
Project Description and Write-up 

Site Designation: Garrison Creek 

Location 
The Garrison Creek project encompasses four project sites that have been recommended 
by the City of Kent. The project sites are located in the City and are named the 
South 218th wetland site, Southeast 2 16th Street slide stabilization/drainage control site, 
Middle Fork sediment removal/channel restoration site, and 167th culvert replacement 
site. The South 218th wetland site is located north and south of South 2 18th Street in the 
adjoining wetlands and forested wetlands. The Southeast 216th Street slide stabilization 

- -- -. -. - ---...-T- _ --- proj ec?‘t %iE?sioCated south-if~outne~~t~-l~th~tr~r and~~ast-of I-OOthAveeue- -- - - -- -.--- -- 
Southeast. The Middle Fork sediment removal/channel restoration site is located in an 
area delineated by Southeast 216th Street on the north side, South 222nd Street on the 
south side, 94th Avenue South on the west side, and 100th Avenue Southeast on the east 
side, if extended. The State Route (SR) 167 site is adjacent to SR 167, under the 
northbound off-ramp to South 212th Street. 

Site Constraints/Problems 
Garrison Creek has been heavily impacted by a landslide located south of 
Southeast 216th Street and east of 100th Avenue Southeast, as well as by increased flows 
and sedimentation resulting from urban development. The landslide is contributing large 
amounts of sediment to the wetlands and has caused die-outs in the forested wetland 
complexes located downstream of South 218th Street. Additionally, a long reach of the 
Middle Fork of Garrison Creek, between the slide and the confluence, is silted with 
sediment and has lost habitat complexity for much’of the project length. The creek has 
the appearance of a typical depositional reach full of fines not suitable for salmonid 
habitat. The charnel has limiied conveyance capacity, hr-;;ite d pool habitat a shallow 
channel cross section, and little cover for fish. The low-flow channel has been filled with 
sediment, and there is very limited high-flow refuge/bench habitat. 

Project Goals 
The primary goal of this project is to restore and enhance sahnonid habitat within 
Garrison Creek using natural habitat elements and ecosystem-based processes. This 
would be accomplished by restoring a more natural stream channel that provides riparian 
functions for fish habitat in low-flow and high-flow regimes, re-establishing reliable fish 
access to upper reaches of the Middle Fork, and rehabilitating the existing channel to 
provide productive rearing and refuge habitat for salmonid species. In addition, removal 
of sediment and re-establishment of a low-flow channel, more sinuous stream alignment, 
construction of side channels, high-flow benches, riparian habitat planting, large woody 
debris (LWD) placement, and construction of pool and riffle sections will be utilized to 
achieve the above-mentioned goals. 
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Proposed Solutions 
For fhe Garrison Creek project, three alternatives have been considered: 

a Alternative No. 1 - No action: No modifications to the existing stream conditions. 
In-stream habitat would remain poor and isolated. The sediment would remain in the 
channel, impeding fish access. 

m Alternative No. 2 - Restore and enhance Garrison Creek by implementing the 
following restoration activities: 

‘ Create a more sinuous stream alignment and improve fish access to the system. 

m - - Use plantings to achieve a ripar@n tree canopy for habitat complexity, _- .- __..... - -._.---.. .- _ .-. 
-----.-~- - - __ tempera&-e ef&&~,~v;trient-~o~~f+~~ .inse&r*ai*m&r _ _ - - 1: I.2 I- _- ._- _-__- - _ 

II Remove accumulated sediments and install suitable gravel substrate. 

. Add LWD to increase habitat complexity and provide cover for juvenile 
salmonids. 

9 Remove invasive plants such as Himalayan blackberry and replant with native 
trees and shrubs along the remaining buffer. 

m Stabilize the slide to reduce sediment loads to the Middle Fork of Garrison Creek. 

m Alternative No. 3 - Additional sites considered by the City: 

n Restore and enhance the existing channel north of the SR 167/212th intersection, 
where lower Garrison goes north in a straight channel directly west of SR 167 and 
then takes two go-degree turns before entering Springbrook Creek as a straight 
channel. 

q Restore and enhance the existing channel at the valley tributary to lower Garrison 
Creek that is heavily impacted by development. 

Recommended Plan 
Alternative No. 1, no action, was rejected because it does not accomplish the goal of 
habitat restoration. 

Alternative No. 2, enhancement of the existing stream channel, was selected because it 
provides an opportunity to restore valuable in-stream and off-channel habitat as well as 
improve fish access and use of Garrison Creek. 
As described above, this alternative will stabilize the slide, revegetate available buffer 
areas, increase habitat quality and complexity by adding LWD, removmg accumulated 
sediment, creating pools and riffles, and adding streambed gravel in reaches where 
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needed. One possibility for stabilizing the slide might be to collect the runoff in a pipe 
and carry it to Garrison Creek. This is shown on Plan Sheet 7. 

Based on the conditions within the basin as a whole, it is recommended that the 
restoration focus on the existing stream channel where the potential for the most effective 
restoration/enhancement can be performed. 

Alternative No. 3, additional sites considered by the City but rejected. 

Channel north of the SR 167/212th intersection. Lack of available land to work with 
would severely impact any proposed project here. This area could receive LWD and 
riparian planting, but placement in the creek meander would be difficult. 

Valley tributary to lower Garrison Creek. The entire reach was not selected for any 
- projects at t-his time-mainly due to-existing development-adjacent to the creek. Without - -- - - 

property acquisition/easement, significant improvements are unlikely for this 25-foot, 
buffer-rated stream. It is thought to be a good candidate for volunteer planting activities 
to control summer temperatures for water flowing into the main Garrison tributary. 

Cost Items and Quantities 
Construction line items and quantities are shown in the MCACES portion of the attached 
engineering appendix. 

Conclusions and Recommendations 
Proceed with detailed planning and design to enhance the existing stream channel, as 
described in Alternative No. 2, and monitor the results with the possibility of creating 
additional project sites in the future. One of the concerns with this project is that the 
effective, long-term value of the restored lower reach is dependent upon effective 
sediment and stormwater controls implemented in the upper basin. Without the recom- 
mended Southeast 2 16th Street slide stabilization, it is likely that sediment deposition 
will continue to degrade the habitat in the lower reach. Options for stabilizing the slide 
should be further evaluated in the next phase of this project. The City of Kent should 
also continue to investigate ways to reduce flood flows in Garrison Creek. A complete 
h&h and sediment yield and transport analysis should be accomplished prior to project 
construction. 
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SITE NO. 11 

Green-Duwamish G.I. Ecosystem Restoration Feasibility Study 
Project Description and Write-up 

Site Designation: Prentice Nursery Reach 

Location 
The Prentice Nursery Site begins at the Green River and extends upstream approximately 
500 feet to include the Nursery. Highway 5 16 crosses Mullen Slough within the site. 
Refer to Mill Creek and Mullen Slough Site location map, Figure No. 1. 

8 Site Constraints/Problems 
A steep channel slope prevents passage of juveniles for summer rearing during low 
flow. 

Project Goals 
The goal at the Prentice Nursery Site is to create a natural habitat for rearing and storm 
refuge. 

Proposed Solutions 
Alternative No. i - No Action: No rr~odi6CatiOiiS to the existing streaii 
conditions. Habitat conditions would remain marginal. 
Alternative No. 2 - Implement the following restoration activities: 
Clear channel of previously dumped garbage and junk. Remove blackberry 
plants. 
Cut channel from its confluence with the Green River upstream about 500 feet to 
create a 2% slope and place grade structures on the upstream end of this channel 
and in it to control the slope. Do not undercut the Highway 516 bridge pilings. 
Minimal stream disturbance is recommended; gently meander and maintain one 
stage stream configuration. 
Placement of large woody debris would introduce stream shade and structure. 
Small woody debris should also be placed in dendrites. 
Construction of dendrites would provide additional habitat. Dendrites should be 
about 4 feet wide at the main channel and meander along the natural slope, 
narrowing gradually and ending at ground elevation. Two dendrites should be 
created along the main channel. 
Hummocks can be formed with cut material fi-om dendrite construction and re- 
channeling. 
Fill in riparian corridor with plantings where necessary. 

Recommended Plan 
The no action alternative will not achieve the project goals and is not a viable option for 
this site. Alternative No. 2 is recommended to accomplish the project goals. 
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The conceptual design for the recommended plan is depicted in the attached Prentice 
Nursery Reach Site Plan. 

The proposed channel has a larger cross sectional area than that of the existing channel to 
offset any decrease in the channel hydraulic capacity caused by the addition of LWD and 
riparian plantings. 

Clear channel of debris and blackberry bramble. There is a summer blockage in the 
lower 500 feet of the channel. Re-slope channel from its confluence with the Green River 
upstream about 500 feet to create a 2% slope. Do not undercut the Highway 516 bridge 
pilings. 

One-stage channel,configuration with riparian planting scheme can be found in the l- 
Stage Channel Detail, Figure No. 12. Plantings include a combination of shrubs, 
coniferous and deciduous trees to be planted in natural random clusters to augment the 
existing riparian cover in this area. Water fluctuation zone plants will further reduce 
water temperatures, increase dissolved oxygen levels, and bind the soil. Pacific and Red 
Alder, are to be staked in the water fluctuation zone along channel side slopes at a 
maximum ninety-degree angle. Quantity calculations for all 3 plant types in the water 
fluctuation zone (2 staking plants and slough sedge) were based upon a 3 row zone with 
one row of each type with plants 2-feet center to center and rows 1 to 2 feet apart and 
staggered. Each row, however, should be a random mix of the plant types. .Upland 
planting should be implemented only where vegetation is lacking. 

A Woody Debris Pool Detail, Figure No. 14, depicts a typical pool with rootwads keyed 
into the channel side slopes. Excavating moderate pools for placement of wood will 
offset any decrease in the hydraulic capacity of the channel. 

For construction quantity estimating purposes, a woody debris pool with two pieces of 
debris was placed about every 50 feet. This is consistent with the placement of one piece 
of large woody debris every two stream widths for streams of about 12.5 feet wide. Care 
needs to be taken to not disturb the existing riparian corridor cover. 

Dendrites serve as storm refuge and offer additional habitat. Construction of hummocks 
reduces the amount of excavated material to be hauled off-site and provides varied 
riparian topography. Refer to the Dendrite and Hummock Detail, Figure No. 15, for 
typical cross sections 

C&t Items and Quantities 
Construction line items and quantities shown in the MCACES portion of the attached 
engineering appendix. 
The table was developed as a standard to be used for all of the sites. As such, some of the 
line items are not applicable and are left blank. Quantities were calculated based on the 
information obtained HDR’s site visit and from mapping. Given the extent of survey, 
geotechnical, hydrologic, and hydraulic information available at this time, a 40 percent 
contingency has been applied. 
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Conclusions and Recommendations 
The Prentice Nursery Reach can be cost-effectively restored via the above proposed 
habitat improvements. As part of the final design, we recommend that a detailed site 
survey, geotechnical investigation, and existing and proposed condition 
hydrologic/hydraulic and sediment analyses be conducted. 
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SITE NO. 12 

Green-Duwamish G.1. Ecosystem Restoration Feasibility Study 
Project Description and Write-up 

Site Designation: Mullen Slough (Former Site 2) 

Location 

n Mullen Slough originates at S. 277th Street and flows north into the Green River. It is 
located west of Mill Creek and SR 167. The Mullen Slough reach extends from the 
north border of the Prentice Nursery to S. 277” Street. Refer to Mill Creek and 
Mullen Slough Site location map, Figure No. 1. 

Site Constraints/Problems 

9 Garbage and junk, a blackberry canopy, and unplanted reaches within the site are the 
main detriments to fish habitat at the Mullen Slough Site. A lack of pools and 
channel structure hinder the Mullen Slough Reach from functioning effectively as 
rearing habitat and as storm refuge. The channel just north of S. 277* Street has been 
straightened and is unshaded. 

Project Goals 

m The goal at the Mullen Slough Site is to create a natural habitat for rearing and storm 
refuge. Restoration along Mullen Slough will include channel meandering, large : 
woody debris placement, and riparian plantings. 

m Proposed Solutions 

m Alternative No. 1 - No Action: No modifications to the existing stream conditions. 
Habitat conditions would remain marginal. 

n Alternative No. 2 - Implement the following restoration activities: 
m Minimal stream disturbance conveyance improvement is recommended; gently 

meander from S. 277th Street to the beginning of the tree canopy and maintain a 
one stage stream configuration. 

m Placement of large woody debris will introduce stream shade and structure. 
Riparian plantings are needed from S. 277th Street to the beginning of the tree 
canopy. For the remainder of the project it is estimated that about 20% of the 
channel and surroundings are lacking in vegetation. Create a lOO-foot buffer on 
each side of the channel. Any reedcanary grass, blackberry, purple loose &be, 
and other harmful weeds should be removed prior to planting. 

Recommended Plan 
The no action alternative will not achieve the project goals and is not a viable option for 
this site. Alternative No. 2 is recommended to accomplish the project goals. 
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The conceptual design for the recommended plan is depicted in the attached Mullen 
Slough Reach Site Plan, Figure No. 4. Located at the north end of this reach is a large 
pool and beaver dam that needs to be reconfigured to allow fish passage and habitat. This 
needed work will be investigated further during Advanced Engineering & Design. 

The proposed channel has a greater cross sectional area than that of the existing channel 
to offset any decrease in the channel hydraulic capacity. 

One-stage channel configuration with riparian planting scheme can be found in the l- 
Stage Channel Detail, Figure No. 12. Plantings include a combination of shrubs, 
coniferous and deciduous trees to be planted in natural random clusters. Water 
fluctuation zone plants will further reduce water temperatures, increase dissolved oxygen 
levels, and bind the soil. Pacific Willow and Red Alder, are to be staked in the water 
fluctuation zone along channel .side slopes at a maximum ninety degree angle. Quantity 
calculations for all 3 plant types in the water fluctuation zone (2 staking plants and slough 
sedge) were based upon a 3 row zone with one row of each type with plants 2-feet center 
to center and rows 1 to 2 feet apart and staggered. Each row, however, should be a 
random mix of the plant types. 

A Woody Debris Pool Detail, Figure No. 14, depicts a typical pool with rootwads keyed 
into the channel side slopes. Excavating moderate pools for placement of wood will 
prevent it fi-om decreasing the hydraulic capacity of the channel. At the outlet of each 
pool, a 1 g- to 24-inch cedar log should be placed along the channel bottom and buried in 
the banks. The log will prevent downcutting at the constriction. Gravel should be placed 
in the pool and riffle areas. 

For construction quantities purposes, a woody debris pool with two pieces of debris was 
placed about every 50 feet. This is consistent with the placement of one piece of large 
woody debris every two stream widths for streams of about 12.5 feet wide. 

It should be noted that there are direct access roads on either side of the Slough by the 
Highway 5 16 bridge. 

Cost Items and Quantities 
Construction line items and quantities are shown in the MCACES portion of the attached 
engineering appendix. 
The table was developed as a standard to be used for all of the sites. As such, some of the 
line items are not applicable and are left blank. Quantities were calculated based on the 
information obtained HDR’s site visit and from mapping. Given the extent of survey, 
geotechnical, hydrologic, and hydraulic information available at this time, a 40 percent 
contingency has been applied 

Conclusions and Recommendations 
The Mullen Slough Reach can be cost-effectively restored via the above proposed habitat 
improvements. As part of Advanced Engineering & Design, we recommend that a 
detailed site survey, hydrologic/hydraulic and sediment analyses be conducted. Also the 
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h&h analysis will consider the scour and hydraulic effects of placement of LWD in the 
stream channel. 
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SITE NO. 13 

Green-Duwamish G.I. Ecosystem Restoration Feasibility Study 
Project Description and Write-up 

Site Designation: Schuler Brothers Reach (Former Sites 3 and 4) 

Location 
The upstream boundary of the Schuler Brothers Reach begins where Mill Creek crosses 
from east to the west side of SR 167. It meanders north through the Schuler Brothers’ 
property and crosses S. 277th Street. 

North of S. 277th Street, Mill Creek crosses from the east to the west side of the West 
Valley Highway, meanders north, and crosses back over the West Valley Highway. .I ni 
final crossing is the downstream boundary of the Schuler Brothers Reach. S. 277th Stree: 
divides the reach into two sub-reaches along which distinct habitat improvements are 
proposed. Refer to Mill Creek and Mullen Slough Site location map, Figure No. 1. 

Site Constraints/Problems 
High temperatures, poor water quality, and low dissolved oxygen levels have been a 
detriment to the survival and rearing of fish in Mill Creek and have probably caused the 
death of f?y spawned in Peasiey Canyon. 

Within the Schuler Brothers Reach, Mill Creek widens to an unshaded pond just before 
crossing S. 277’h Street. A straight shallow stream channel and lack of riparian plantings 
hinder the portion of the Schuler Brothers Reach south of S. 277th Street from functioning 
effectively as rearing habitat and storm refuge. North of S. 277th, a shallow stream 
channel and a lack of riparian plantings are limitations. 

Project Goals 
The goal at the Schuler Brothers Reach is to create a natural habitat for rearing and storm 
refuge while increasing the reach’s high flow hydraulic capacity. 

Habitat improvements would include channelization, plantings in the riparian corridor, 
and the construction of new dendrites. 

Proposed Solutions 
m Alternative No. 1 - No Action: No modifications to the existing stream conditions. 

Habitat conditions would remain marginal. 
. Alternative No. 2 - Implement the following restoration activities: 

= Just south of S. 277’ Street, a two stage re-channeling is recommended in which a 
meandering narrow segment would bypass the existing pond. 
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For the remainder of the Reach create a two-stage channel to provide additional 
conveyance during high flows. Existing main channel meandering does not need 
to be improved. 
Riparian vegetation alongside the existing and proposed channels is needed. Any 
reedcanary grass, blackberry, purple loose stribe, and other harmful we.eds should 
be removed prior to planting. 
Placement of large woody debris will introduce stream shade and structure, and 
piercing the water table will introduce ground water. 
Along the entire Schuler Brothers Reach, construction of dendrites would provide 
additional habitat. Dendrites should be about 4 feet wide at the main channel and 
meander along the natural slope, narrowing gradually and ending at ground 
elevation. Dendrites should be created about every l/4-mile along the main 
channel. 
Hummocks can be formed with cut material from dendrite construction and re- 

Recommended Plan 
The no action alternative will not achieve the project goals and is not a viable option for 
this site. Alternative No. 2 is recommended to accomplish the project goals. 

The conceptual design for the recommended plan is depicted in the attached Schuler 
Brothers Reach Site Plan, Figure No. 6. 

The proposed channel has a greater cross sectional area than that of the existing channel 
to offset any decrease in the channel hydraulic capacity. 

The two-stage channel configuration with riparian planting scheme can be found in the 2- 
Stage Channel Detail, Figure No. 13. Plantings include a combination of shrubs, 
coniferous and deciduous trees to be planted in natural random clusters. Water 
fluctuation zone plants will further reduce water temperatures, increase dissolved oxygen 
levels, and bind the soil. Pacific Willow and Red Alder, are to be staked in the water 
fluctuation zone along channel side slopes at a maximum ninety-degree angle. Quantity 
calculations for all 3 plant types in the water fluctuation zone (2 staking plants and slough 
sedge) were based upon a 3 row zone with one row of each type with plants 2-feet center 
to center and rows 1 to 2 feet apart and staggered. Each row, however, should be a 
random mix of the plant types. 

A Woody Debris Pool Detail, Figure No. 14, depicts a typical pool with rootwads keyed 
into the channel side slopes. Gravel should be placed at tailouts and riffles. Excavating 
moderate pools for placement of wood will prevent it fiom decreasing the hydraulic 
capacity of the channel. At the outlet of each pool, an 18- to 24-inch cedar log should be 
placed along the channel bottom and buried in the banks. The log will prevent down 
cutting at the constriction. 
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For construction quantity purposes, a woody debris pool with two pieces of debris was 
placed about every 50 feet. This is consistent with the placement of one piece of large 
woody debris every two stream widths for streams of about 12.5 feet wide. 

Dendrites serve as storm refuge and offer additional habitat. Construction of hummocks 
reduces the amount of excavated material to be hauled off-site and provides varied 
riparian topography. Refer to the Dendrite and Hummock Detail, Figure No. 15, for 
typical cross sections. 
Cost Items and Quantities 
Construction line items and quantities are listed in the attached construction cost estimate 
table. Quantities were calculated based on the information obtained during HDR’s site 
visit and Tom mapping. Given the extent of survey, hydrologic, and hydraulic 
information available at this time, a 40 percent contingency has been applied. 

Cost Items and Quantities 
Construction line items and quantities are shown in the MCACES portion of the attached 
engineering appendix. 

Conclusions and Recommendations 
The Schuler Brothers Reach can be cost-effectively restored via the above proposed 
habitat improvements. Prior to project construction, we recommend that a detailed site 
survey and hydrologic/hydraulic design analyses be conducted on all project features. 
Also the h&h analysis will consider the scour and hydraulic effects of placement of LWD 
in the stream channel. 
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SITE NO. 14 

Green-Duwamish G.I. Ecosystem Restoration Feasibility Study 
Project Description and Write-up 

Site Designation: Merlin0 Reach 

Location 

a The Merlin0 Reach of Mill Creek links the Wetland 5k Reach and the Schuler 
Brothers Reach and includes the portion of Mill Creek located east of SR 167 to the 
south edge of the Schuler property. Refer to Mill Creek and Mullen Slough Site 
location map, Figure No. 1. 

Site Constraints/Problems 
Corps personnel to add environmental site constraints. 

. Previously a ditch, this reach would benefit from re-channelization. A lack of stream 
structure and riparian vegetation hinder the Merlin0 Reach from functioning 
effectively as rearing habitat and storm refuge. 

Project Goals 

m The goal at the Merlin0 Site is to create a natural habitat for rearing and storm refuge. 

Proposed Solutions 
. Alternative No. 1 - No Action: No modifications to the existing stream conditions. 

Habitat conditions would. remain marginal. 
a Alternative No. 2 - Implement the following restoration activities: 

. It is recommended that a one-stage channel be constructed south of 37th Street 
NW and a two-stage channel north of 37’h Street NW. Deepening, widening, and 
meandering the existing stream would decrease stream temperatures and help to 
prevent fish stranding during high flows. See site plans for specific locations #at 
were agreed upon by Corps biologists. 

n A planting buffer would be added to newly constructed channel. Any reedcanary 
grass, blackberry, purple loose stribe, and other harmful weeds should be removed 
prior to planting. 

n Placement of large woody debris would introduce stream shade and structure. 
Piercing the water table would introduce ground water. Small woody debris 
should also be placed in dendrites. 

m Construction of dendrites would provide additional habitat. Dendrites should be 
about 4 feet wide at the main channel and meander along the natural slope, 
narrowing gradually and ending at ground elevation. Dendrites should be created 
about every 1/4-r&e along the main channel. 
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. Hummocks can be formed with cut material from dendrite construction and re- 
channeling. 

Recommended Plan 
The no action alternative will not achieve the project goals and is not a viable option for 
this site. Alternative No. 2 is recommended to accomplish the project goals. 

The conceptual design for the recommended plan is depicted in the Merlino-Reach Site 
Plan, Figure No. 5. The proposed channel has a higher cross sectional area than that of 
the existing channel to help prevent a decrease in the channel’s hydraulic capacity. 

One-stage channel configuration with riparian planting scheme can be found in the l- 
Stage Channel Detail, Figure No. 12. Plantings include ‘a combination of shrubs, 
coniferous and deciduous trees to be planted in natural random clusters. Existing riparian 
vegetation will be incorporated into the overall revegetation scheme. Water fluctuation 
zone plants will further reduce water temperatures, increase dissolved oxygen levels, and 
bind,the soil. Pacific willow and red alder, are to be staked in the water fluctuation zone 
along channel side slopes at a maximum ninety-degree angle. Quantity calculations for 
all 3 plant types in the water fluctuation zone (2 staking plants and slough sedge) were 
based upon a 3 row zone with one row of each type with plants 2-feet center to center and 
rows 1 to 2 feet apart and staggered. Each row, however, should be a random mix of the 
plant types. 

A Woody Debris Pool Detail, Figure No. 14, depicts a typical pool with rootwads keyed 
into the channel side slopes. Excavating moderate pools for placement of wood will 
prevent it from decreasing the hydraulic capacity of the channel. At the outlet of each 
pool, an 18- to 24-inch cedar log should be placed along the channel bottom and buried in 
the banks. The log will prevent down cutting at the constriction. 

For construction quantity purposes, a woody debris pool with two pieces of debris was 
placed about every 50 feet. This is consistent with the placement of one piece of large 
woody debris every two stream widths for streams of about 12.5 feet wide. 

Dendrites serve as storm refuge and offer additional habitat. Construction of hummocks 
reduces the amount of excavated material to be hauled off-site and provides varied 
riparian topography. Refer to the Dendrite and Hummock Detail, Figure No. 15, for 
typical cross sections. 

Cost Items and Quantities 
Construction line items and quantities are shown in the MCACES portion of the attached 
engineering appendix. The table was developed as a standard to be used for all of the 
sites. As such, some of the line items are not applicable tid are left blank. Quantities 
were calculated based on the information obtained HDR’s site visit and from mapping. 
Given the extent of survey, geotechnical, hydrologic, and hydraulic information available 
at this time, a 40 percent contingency has been applied. 
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Conclusions and Recommendations 
The Merlin0 Reach cari be cost-effectively restored via the above proposed habitat 
improvements. Prior to project construction, we recommend that a detailed site survey 
and hydrologic/hydraulic design analyses be conducted on all project features. Also the 
h&h analysis will consider the SCOUT and hydraulic effects of placement of LWD in the 
stream channel. 
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SITE NO. 15 

Green-Duwamish G.I. Ecosystem Restoration Feasibility Study 
Project Description and Write-up 

Site Designation: Wetland 5k Reach 

Location 
The Wetland 5k Reach includes the reach of Mill Creek just north of the Goedeke reach 
on the west side of SR 167. It extends from Main Street to the crossing of Mill Creek 
with SR 167. Within this reach of Mill Creek are the Emerald Downs Mitigation Site and 
a parcel that DOT is attempting to purchase for wetland mitigation. Refer to Mill Creek 
and Mullen Slough Site location map, Figure No. 1. 

Site Constraints/Problems 
Corps personnel to add environmental site constraints. 

A straight shallow stream channel and a lack of riparian vegetation hinder the Wetland 
reach from functioning effectively as rearing habitat and storm refuge. 

Project Goals 
The goal at the Wetlands 5k reach is to create’s natural habitat for rearing and storm 
refuge. 

Proposed Solutions 

Alternative No. 1 - No Action: No modifications to the existing stream conditions. 
Habitat conditions would remain marginal. 
Alternative No. 2 - Implement the following restoration activities to the portions 
of the reach excluding the Emerald Downs Mitigation Site, unless otherwise 
specified: 
Minimal stream disturbance is recommended; gently meander and maintain a one- 
stage stream configuration. 
A dense plantings buffer is defined in the King County Flood Control Plan. Any 
reedcanary grass should be removed prior to planting. 
Placement of large woody debris would introduce stream shade and structure. 
Large woody debris should be place along the entire reach, including within the 
boundaries of the Emerald Downs Mitigation Site. Small woody debris should 
also be placed in dendrites. 
Construction of dendrites would provide additional habitat. Dendrites should be 
about 4 feet wide at the main channel and meander along the natural slope, 
narrowing gradually and ending at ground elevation. Dendrites should be created 
about every % mile along the main channel. 
Hummocks can be formed with cut material from dendrite construction and re- 
channeling. 
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Recommended Plan 
The no action alternative will not achieve the project goals and is not a viable option for 
this site. Alternative No. 2 is recommended to accomplish the project goals. 
The conceptual design for the recommended plan is depicted in the Wetland 5k Reach 
Site Plan, Figure No. 7. 
The proposed channel has a higher cross sectional area than that of the existing channel 
to help prevent a decrease in the channel’s hydraulic capacity. As suggested by Corps 
biologists, plug existing channel downstream of Main Street and connect to old channel, 
reintroducing flow at the upstream end of the Emerald Downs Mitigation Site. 
One-stage channel configuration with riparian planting scheme can be found in the l- 
Stage Channel Detail, Figure No. 12. Plantings include a combination of shrubs, 
coniferous and deciduous trees to be planted in natural random clusters. Water 
fluctuation zone plants will further reduce water temperatures, increase dissolved oxygen 
levels, and bind the soil. Pacific willow and red alder, are to be staked in the water 
fluctuation zone along channel side slopes at a maximum ninety-degree angle. Quantity 
calculations for all 3 plant types in the water fluctuation zone (2 staking plants and slough 
sedge) were based upon a 3 row zone with one row of each type with plants 2-feet center 
to center and rows 1 to 2 feet apart and staggered. Each row, however, should be a 
random mix of the plant types. 

A Woody Debris Pool Detail, Figure No. 14, depicts a typical pool with rootwads keyed 
into the channel side slopes. Pools should pierce the ground water table where possible 
and pool bottoms should be lined with gravel. Excavating moderate pools for placement 
of wood will prevent it from decreasing the hydraulic capacity of the channel. At the 
outlet of each pool, an 18- to 24-inch cedar log should be placed along the channel 
bottom and buried in the banks. The log will prevent down cutting at the constriction. 

For construction quantity purposes, a woody debris pool with two pieces of debris was 
placed about every 50 feet. This is consistent with the placement of one piece of large 
woody debris every two stream widths for streams of about 12.5 feet wide. 

Dendrites serve as storm refuge and offer additional habitat. Construction of hummocks 
reduces the amount of excavated material to be hauled off-site and provides varied 
riparian topography. Refer to the Dendrite and Hummock Detail, Figure No. 15, for 
typical cross sections. 

Cost Items and Quantities 
Construction line items and quantities are shown in the MCACES portion of the attached 
engineering appendix. 
The table was developed as a standard to be used for all of the sites. As such, some of the 
line items are not applicable and are left blank. Quantities were calculated based on the 
information obtained HDR’s site visit and from mapping. Given the extent of survey, 
geotechnical, hydrologic, and hydraulic information available at this time, a 40 percent 
contingency has been applied. 
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Conclusions and Recommendations 
The Wetland 5k reach can be cost-effectively restored via the above proposed habitat 
improvements. . Prior to project construction, we recommend that a detailed site survey 
and hydrologic/hydraulic design analyses be conducted on all project features. Also the 
h&h analysis will consider the scour and hydraulic effects of placement of LWD in the 
stream channel. 
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SITE NO. 16 

Green-Duwamish G.I. Ecosystem Restoration Feasibility Study 
Project Description and Write-up 

Site Designation: Goedeke North Reach 

Location 
This reach is located at the south end of Mill Creek on the west side of SR 167 just 
downstream of Peasley Canyon. The site begins just upstream of the box culvert through 
which Mill Creek flows under Highway 18 and ends at Main Street. Refer to Mill Creek 
and Mullen Slough Site location map, Figure No. 1. 

. 

f!cftFcuns- 
A straight shallow stream channel and a lack of riparian vegetation hinder the Goedeke 
reach from functioning effectively as rearing habitat and storm refuge. In addition, a 
disconnected pond at the north end of the site is a likely location for fish stranding. 

Project Goals 
The goal at the Goedeke reach is to create a natural habitat for rearing and storm refuge. 

Proposed Solutions 

. Alternative No. 1 - No Action: No modifications to the existing stream conditions. 
Habitat conditions would remain marginal. 

9 Alternative No. 2 - Implement the following restoration activities: 
Deepening, widening, and meandering the existing stream coupled with riparian 
shade plantings would decrease stream temperatures and help to prevent fish 
stranding during high flows. The existing stream is 5 to 6 feet wide. An 8- to lo- 
foot wide channel with a defined low flow section with a terrace for flooding is 
proposed. 
Just north of a cottonwood grove is an approximately 800-foot long corridor that 
is a good candidate for a 200-wide buffer of riparian planting. A planting buffer 
would also be added to the newly constructed channel. Any reedcanary grass, 
blackberry, purple loose stribe, and other harmful weeds should be removed prior 
to planting. 
Placement of large woody debris would introduce stream shade and structure. 
Small woody debris should also be placed in dendrites. 
Construction of dendrites would provide additional habitat. Dendrites should be 
about 4 feet wide at the main channel and meander along the natural slope, 
narrowing gradually and ending at grotid elevation. Two dendrites should be 
created along the main channel outside of the Cottonwood grove. 
Hurnrnocks can be formed with cut material from dendrite construction and re- 
channeling. 
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Recommended Plan 
The no action alternative will not achieve the project goals and is not a viable option for 
this site. Alternative No. 2 is recommended to accomplish the project goals. 
The conceptual design for the recommended plan is depicted in the Goedeke Reach Site 
Plan, Figure No. 8. 

The proposed channel has a larger cross sectional area than that of the existing channel to 
offset any decrease in the channel hydraulic capacity. 

The two-stage channel configuration with riparian planting scheme can be found in the 2- 
Stage Channel Detail, Figure No. 13. Plantings include a combination of shrubs, 
coniferous and deciduous trees to be planted in natural random clusters. Water 
fluctuation zone plants will further reduce water temperatures, increase dissolved oxygen 
levels, and bind the soil. Pacific willow and red alder, are to be staked in the water 
fluctuation zone along channel side slopes at a maximum ninety-degree angle. Quantity 
calculations forall 3 plant types in the water fluctuation zone (2 staking plants and slough 
sedge) were based upon a 3 row zone with one row of each type with plants 2-feet center 
to center and rows 1 to 2 feet apart and staggered. Each row, however, should be a 
random mix of the plant types. 

A Woody Debris Pool Detail, Figure No. 14, depicts a typical pool with rootwads keyed 
into the channel side slopes. Excavating moderate pools for placement of wood wili 
prevent it from decreasing the hydraulic capacity of the channel., 

For construction quantity purposes, a woody debris pool with two pieces of debris was 
placed about every 24 feet. This is consistent with the placement of one piece of large 
woody debris every two stream widths for streams of about 6 feet wide. 

Dendrites serve as storm refuge and offer additional habitat. Construction of hummocks 
reduces the amount of excavated material to be hauled off-site and provides varied 
riparian topography. Refer to the Dendrite and Hummock Detail, Figure No. 15, for 
typical cross sections. 

Cost Items and Quantities 
Construction line items and quantities are shown in the MCACES portion of the attached 
engineering appendix. 
The table was developed as a standard to be used for all of the sites. As such, some of the 
line items are not applicable and are left blank. Quantities were calculated based on the 
information obtained in HDR’s site visit and from mapping. Given the extent of survey, 
geotechnical, hydrologic, and hydraulic information available at this time, a 40 percent 
contingency has been applied. 

Conclusions and Recommendations 
The Goedeke reach can be cost-effectively restored via the above proposed habitat 
improvements. , Prior to project construction, we recommend that a detailed site survey 
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and hydrologic/hydraulic design and sediment yield/transport analyses be conducted on 
all project features. Also the h&h analysis will consider the scour and hydraulic effects of 
placement of LWD in the stream channel. 

51 



SITE NO. 17 

Green-Duwamish G.I. Ecosystem Restoration Feasibility Study 
Project Description and Write-up 

Site Designation: Green River .Park 

Location 
The project site is located within Green River Park, City of Kent, WA, at the end of 
Hawley Road near the River Mile (RM) 23.7 of the Green River. The site extends 
approximately 600 feet due east from the river bank. 

Site Constraints/ProbIems 
The project site is located in an undeveloped section of Green River Park owned by the 
City 01 Kent. lne city nas completeo a master plan tar the park to be used ior passive 

recreation. This planned use is compatible with the project design, and with the addition 
of educational elements, such as interpretive signage, would increase the multi-objective 
values of the property. 

The Green River is not constrained by levees at this site however the banks in the park 
area are steep (>l:l). The banks are vegetated with trees. The soils are composed of 
silty loams. Through flood control and channelization, the mainstem of the Green River 
has reduced ability to provide habitat, refugia and channel diversity. 
Flood control management by Howard Hanson Dam targets a maximum discharge of 
12,000 cfs at the USGS gage near Auburn (USACE, 1997). The present safe channel 
capacity downstream of Auburn is approximately 12,000 cfs. The Howard Hanson Dam 
also provides for a minimum instream flow of 110 cfs during all summer months 
(USACE, 1997). 

Sedimentation at the channel mouth is a potential concern. It is prone to deposition on 
the inside of the meander bend. Additional sedimentation from the proposed backwater 
slough may produce confluence bars during low flow conditions. Other channel mouth 
configurations should be investigated prior to project construction. 

To maintain a wetted rearing area at the mouth of the backwater channel, the channel 
elevation in the mouth will need to match the thalweg of the channel in the mainstem due 
to low river levels in the summer. Sedimentation will be a problem until the channel 
thalwegs match. An accurate estimate of the excavation cannot be determined without, 
further survey in the area. This area of the Green River does not have levees, so placing a 
channel in this area will not increase flood elevations in the park. 

Project Goals 
The project purposes are to provide a summer rearing habitat at the mouth and establish a 
backwater winter channel refuge for fish during high/flood flows in the mainstem of the 
Green River. 
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Project construction should be limited to the project site and minimize the impact to 
existing vegetation. Erosion and sedimentation control measures should be considered to 
prevent the transport of sediment into the Green River. The connection with the 
mainstem of the Green River should be large enough to avoid blockage by sedimentation 
and be easily accessible to fish during high flows. Excavated material should be removed 
‘from the site. The project design should include large woody debris (LWD) and be 
planted with enough structure to avoid inner channel erosion and slumping. 

Proposed Solutions 
m Alternative 1: No Action. No modifications to the existing stream conditions. 

Habitat conditions would remain unchanged. 

m Alternative 2: Backwater Slough. Construct a backwater slough to restore 

Recommended Plan 
Alternative 2 is the recommended alternative. Alternative 1, the No Action alternative, 
does not meet the purpose of the project and is not a viable option for this site. 
Alternative 2 provides for the project purpose to establishing feeding, rearing and refuge 
for sahnonids. 

The Alternative 2 alignment should minimize ponding and subsequent stranding of fish 
when water surface levels recede to normal levels after flood flows. 

For project feasibility analysis, the Corps provided water surface elevations for two 
mainstem discharge rates (200 cfs and 12,000 cfs) at the project location. Water surface 
elevation for average summer and winter flows were estimated from a linear interpolation 
of these data. By visual inspection of recent mean monthly flows for the months of 
November through February recorded at Auburn, an average winter flow of 2000 cfs was 
assumed. Based on the available hydrologic information, the proposed side channel 
would be entirely wetted during the average winter flow. Further refinements of the 
proposed side channel hydraulics will be necessary in subsequent design efforts. 

The backwater slough is designed to begin at the bank of the Green River and extend 
approximately 600 linear feet east into the existing park. The entranceway has a bottom 
elevation of 27 feet to maintain approximately 2-e of depth during low summer flows. 
Approximately 100 feet from the entrance, the channel bottom has been designed to 
maintain a constant slope upward (2%) for 500 feet where the channel daylights the 
existing ground surface at a ratio of 3H: 1V. A grade control structure could have been 
added to reduce excavation, but with a steady slope the backwater channel will readily 
react to fluctuating water levels and naturally flush. The proposed backwater channel 
will be trapezoidal in shape, have 3H:lV side slopes, and an 8-ft bottom width. It is 
suggested that a grass seed and mulch mixture be applied to the graded bank, and coir 
fabric be placed to control erosion and to hold the grass mixture in place until 
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germination. To provide habitat benefits and bank stability, root wads should be placed 
in the outlet at the toe of the slope and at an average of two stream widths along the 
proposed slough. The root wad treatment should also extend into the mainstem of the 
river to control erosion in and around the confluence until riparian vegetation has a 
chance to establish itself. 

Habitat enhancement consists of woody debris and riparian vegetation. The Green River 
Park Plan, Profile, and Typical Section references riparian plantings and woody debris 
drawings. Woody debris should be staggered on alternating sides of the channel at 
approximately one structure per channel high water wetted width. The riparian planting 
zone should be 50 feet wide and extend from the channel edge on each side of the 
backwater slough. An h&h analysis should be done to insure that the site does not divert 
water from the main channel during low flow conditions and that all project features 
function effectively 

Construction Cost Items and Quantities 
Construction line items and quantities are shown in the MCACES portion of the attached 
engineering appendix. Quantities were calculated based on the information obtained 
during !IDR’s site visit and from topographical mapping provided by the Corps. Given 
the extent of the survey, hydrologic, and hydraulic information, at this time, a 15 percent 
contingency has been applied to the quantities. An additional 25 percent cost 
contingency will be added when the USACE prepares the cost estimate unless otherwise 
specified. 

Conclusions and Recommendations 
The Green River Park project can meet the project purpose with the recommended 
backwater slough and habitat improvements. However, the summer rearing area will be 
difficult to maintain due to low summer flo,ws increasing the chance of sedimentation 
filling the area in and around the confluence. The following items should be considered 
before final design: 

m Geotectical analysis of the site soil composition to determine stable slope angles 
and failure potential. 

= Sediment transport analysis at the backwater slough outlet to develop final designs 
that minimize deposition. 

. Detailed field survey. 

. Expanded water surface profile analysis detailing high, low, and mean flow 
conditions. 

Figures 
Green River Park Plan, Profile, and Typical Section 
l-Stage Backwater Planting Scheme Detail 
l-Stage Woody Debris Detail 

References 
US Army Corps of Engineers, Green River Water Surface Profiles, Seattle District 
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US Army Corps of Engineers, Reconnaissance Report, Green-Duwamish River 
Ecosystem Restoration General Investigation, Green-Duwamish River, King County, 
Washington, March, 1997 
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SITE NO. 18 

Green-Duwamish G.I. Ecosystem Restoration Feasibility Study 
Project Description and Write-up 

Site Designation: Horsehead Bend 

Location 
Horsehead Bend is named for a sharp meander on the Green River located at River Mile 
(RM) 26. It is located within the city limits of Kent, WA, east of Central Avenue South 
and west of the intersection of 94th Place South and Green River Road. 

Project Constraints/Problems 
The Horsehead Bend project area is described in Perkins (1998). Horsehead Bend is a 
meander bend that has been locked into place by a right bank levee since 1965. The left 
bank of the river meander forms or borders a terraced area that is the focus of this study. 
The banks bordering the terrace are up to 22-fI high and are vertical in some locations 
due to erosion (Perkins, 1998). The banks are densely vegetated and are composed of 
cohesive silts and sands the average bank has a band or 6 feet of silt at the top with a 
middle layer of sand of varying thickness and a bottom layer of 8 feet of silt. The middle 
section is composed of non-cohesive sands that erode readily. The terrace area is densely 
vegetated with brush and trees. The terrace area shows evidence of a past river channel 
with ground elevations 2-feet to lo-feet below the terrace (Perkins, 1998). 

Flood control management by Howard Hanson Dam targets a maximum discharge of 
12,000 cfs at the USGS gage at Auburn. According to Perkins (1998), during the 1996 
flood, the flow was measured to be 13,000 cfs at Auburn and based on aerial photos, the 
terrace did not overtop. Constructing the proposed backwater channel in this area 
potentially provides a hydraulic connection to the terrace during high flow events. 
Therefore, any channel design should consider the low elevation areas to minimize 
ponding and stranding of fish. 

Sedimentation at the side channel mouth is a potential concern. To maintain a wetted 
rearing area at the mouth of the proposed side channel, the thalweg elevation of the side 
channel mouth should match the thalweg of the mainstem channel to assure water during 
low river levels in the summer. Advanced engineering design efforts will be required to 
determine if modifications are necessary to the main channel to provide summer low 
flows at the mouth of the proposed side channel. Also an analysis should be made to 
insure that this site does not take water from the mainstem during low flow periods. Prior 

n to construction different entrance configurations should be made to insure the site mouth 
does not silt in. Also other shorter deeper configurations should be investigated to see if 
they ‘will provide the majority of the benefits. 
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Project Goals 
The project goal is to provide a summer rearing area and to establish a refuge for fish 
during high flows in the mainstem of the Green River. The project would especially 
benefit Coho, emergent Chinook fry, and fingerling rearing. 

Project construction should minimize removal of existing vegetation. Erosion and 
sedimentation control measures should be considered to prevent the transport of sediment ’ 
into the Green River. Excavated material should be removed fi-om the site. Improved 
habitat should include large woody debris (LWD) and riparian plantings to provide 
enough structure to avoid erosion and to enhance aquatic habitat. 

Proposed Solutions 

n Alternative 1: No Action. No modifications to the existing stream conditions. 
Habitat conditions would remain unchanged. -- -_------~-------- - 

l Alternative 2: Excavate a backwater channel through the terrace, as described in 
Perkins (1998). This alternative consists of a 1300-foot side channel excavated along 
the alignment of the pre-1906 channel. 

o Alternative 3: Excavate a backwater channel through the terrace, based on the 
concept described in Perkins (1998), but modified to minimize potential fish 
stranding. The channel would be approximately 950 linear feet in length and would 
follow the old river channel and terminate at a depression located on the east side of 
the terrace. 

Recommended Plan 
Alternative 3 is the recommended alternative. Alternative 1; the No Action alternative, 
does not meet the purpose of the project and is not a viable option for this site. 
Alternatives 2 and 3 both meet the project purpose. Compared to Alternative 2, 
Alternative 3 reduces excavation costs and the potential for fish stranding. 

The Alternative 3 alignment, displayed in the Horsehead Bend Plan, Profile, and Typical 
Section, should minimize ponding and subsequent stranding of fish when water surface 
levels recede to normal levels after flood flows. 

For project feasibility analysis, the Corps provided water surface elevations for two 
mainstem discharge rates (200 cfs and 12,000 cfs) at the project location. Water surface 
elevation for average summer and winter flows were estimated from a linear interpolation 
of these data. By visual inspection of recent mean monthly flows for the months of 
November through February recorded near Auburn, an average winter flow of 2000 cfs 
was assumed. Based on the available hydrologic information, the proposed side channel 
would be wetted during the average winter flow to an elevation of approximately 29 feet. 
Advanced engineering design efforts of the proposed backwater channel hydraulics will 
be necessary. 
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The initial 100 feet of the backwater channel starting at the confluence has been designed 
to maintain approximately 2-e of depth during low summer flows. Approximately 100 
feet from the confluence, the channel bottom has been designed to maintain a constant 
slope upward (1.4%) until the end of the channel. A grade control structure could have 
been added to reduce excavation, but the backwater channel designed with a steady slope 
will readily react to fluctuating water levels and naturally flush itself. Deeper shorter 
channel configurations will be investigated prior to construction. 

The proposed backwater side channel sized for construction feasibility will be trapezoidal 
in shape, have 3:l side slopes, and an 8-A bottom width. It is suggested that a grass seed 
and mulch mixture be applied to the graded bank. A coir fabric should be placed to 
control erosion and hold the grass mixture in place until germination. To provide habitat 
benefits and bank stability, root wads should be field placed in clusters to resemble log 
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toe of the slope. The root wad treatment should also extend to the outlet to control bank 
erosion at the confluence. Coir fabric overlaid with brush mat should be used to further 
control erosion in and around the confluence until riparian vegetation has a chance to 
establish itself. 

Habitat enhancement consists of woody debris and riparian vegetation. The Horsehead 
Bend Plan, Profile, and Typical Section references riparian plantings and woody debris 
drawings. The non-channel planting zone should be southwest 150 feet wide from the 
channel edge of the channel and the entire area between the proposed channel and the 
Green River. In most cases this area between the proposed channel and the river has 
adequate vegetation at this time. In-channel vegetation is specified in the drawing as 
water fluctuation zone plantings. 

Construction Cost Items and Quantities 
Construction line items and quantities are shown in the IkACES portion of the attached 
engineering appendix. Quantities were calculated based on the information obtained 
during HDR’s site visit and from topographical mapping provided by the Corps. Given 
the extent of the survey, hydrologic, and hydraulic information, at this time, a 15 percent 
contingency has been applied to the quantities, An additional 25 percent cost 
contingency will be added when the USACE prepares the cost estimate unless otherwise 
specified. 

Conclusions and Recommendations 
The Horsehead Bend project can meet the project purpose with the recommended side 
channel and habitat improvements. The following items should be considered in the 
advanced engineering design phase: 

= Geotechnical analysis of the site soil composition to determine stable slope angles 
and failure potential, as recommended in Perkins (1998). 

a A detailed field survey. 
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m Sediment transport analysis at the side channel outlet to develop final designs that 
minimize deposition. 

. Expanded water surface profile analysis detailing high, low, and mean flow 
conditions. 

. Investigate groundwater potential for maintaining summer and winter flows. 

Figures 
Horsehead Bend Plan, Profile, and Typical Section 
l-Stage Backwater Planting Scheme Detail 
l-Stage Woody Debris Detail 

References 
Perkins, S. J., Geomorphic Feasibility Report for Horsehead Bend Side Channel, report to 
the US Army Corps of Engineers, Seattle District, October, 1998 

US Army Corps of Engineers, Green River Water Surface Profiles, Seattle District 
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SITE NO. 19 

Green-Duwamish G.I. Ecosystem Restoration Feasibility Study 
Project Description and Write-up 

Site Designation: NE Auburn Creek 

Location 
NE Auburn Creek is a Green River tributary located north of SE 277th Street in the City 
of Auburn, WA. The project site begins at the confluence of NE Auburn Creek and the 
Green River at about River Mile (RM) 25.9. The project site extends upstream through a 
series of ditches and culverts for approximately 3,300 feet to the culvert crossing SE 

Project Constraints/Problems 
At the confluence of NE Auburn Creek and the Green River mainstem, a large flap gate 
currentby impedes fish access to the creek. At this location, the Green River is not 
constrained by levees. A cottonwood dominated riparian canopy exists for about 2000 
feet along NE Auburn Creek immediately above the existing flap-gated culvert. 
Upstream of the cottonwood, the creek can be characterized as a ditch with little or no 
riparian vegetation other than blackberry thickets along its course. 

The project is potentially affected by a proposed constructed wetland, to be located south 
of S. 277th Street. The potential wetland site is part of the mitigation plan proposed for 
the construction of Seattle-Tacoma International Airport’s third runway. Based on initial 
information provided by Parametrix, flow from the wetland mitigation site may be 
directed into NE Auburn Creek south of S. 277th Street. However, the wetland site may 
not sustain minimum flows in NE Auburn Creek during summer months (P. Fendt, 
September 1999, Personal Comm.) 

Green River discharge is controlled by Howard Hanson Dam (HHD) located at River 
Mile (JXM) 64.5. HHD provides flood control management for the Standard Project 
Flood (SPF) of 12,000 cfs (approximately the 500-year frequency event) at the United 
States Geological Society (USGS) gage near Auburn (USACE, 1997). However, the site 
has experienced a high flow of approximately 13,000 cfs measured to be 13,000 cfs at 
Auburn during the 1996 flood event (Perkins, 1998). HHD also provides for a minimum 
instream flow of 110 cfs during all summer months (USACE, 1997). Since the 
construction of HHD the mminmrn flow at the USGS site near Auburn is 152 cfs 
recorded on October 30, 1987. 

Summer low flows are uncertain with the stream dry from April to November and will 
depend on wetland mitigation plans proposed for the construction of Seattle-Tacoma 
International Airport’s third runway. The wetland would drain north into NE Auburn 
Creek, potentially providing summer rearing flows for salhnonids. Conceptual design 
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plans call for a weir to’control the outflow fi-om the wetland site. At this time the 
proposed hydraulics of the weir are not known. Advance engineering design efforts will 
be required to determine necessary criteria to provide for summer low flows in the 
tributary. 

Project Goals 
The project purpose is to provide juvenile and adult fish access to winter refugia, 
foraging, and if conditions permit, a summer rearing habitat within NE Auburn Creek. 
Some Coho spawning will occur. 

Project construction should be limited to the tributary channel while minimizing the 
impact to existing riparian vegetation and cottonwoods through the entire stream reach. 
Temporary erosion and sedimentation control measures should be integrated to prevent 
the transport of sediment into the Green River. Excavated material must be removed 
from the site. The uroiect site should be landscaned to include large woody debris 
(LWD) and riparian plantings. 

Proposed Solutions 
n Alternative 1: No Action, No modifications to the existing stream conditions. 

Current fish barriers and habitat conditions would remain unchanged. 

= Alternative 2: Tidegate. Replace the existing flapgate with a self-regulating tidegate 
(SRT), and rehabilitate.the tributary by increasing vegetation and large woody debris 
(LJW. 

. Alternative 3: Bottomless Culvert. Replace the exiting flapgate and culvert with a 
bottomless culvert and rehabilitate NE Auburn Creek using LWD and riparian 
vegetation. The creek channel would be routed through the new culvert with a 
natural channel gradient maintained. 

. Alternative 4: Bridge. Eliminate the existing flapgate and culvert, daylight and 
enhance the tributary by increasing creek diversity. A hollow girder concrete bridge 
would be installed to maintain access across the channel. 

Recommended Plan 
Alternative 4 is the recommended alternative. The No Action alternative (Alternative 1) 
does not meet the purpose of the project and is not a viable option for this site. 
Alternatives 2, 3, and 4 all meet the project purpose. Alternatives 2 and 3 are less 
attractive than alternatives 4 because of their use of culverts and in the case of Alternative 
2, a tidegate. An adaptation of alternative #2 is to place a flapgate near the existing 
culvert just north of the 86th Ave S. and S. 277th St. intersection. Alternative 4 removes 
the existing flap-gated culvert and headwall, and daylights the tributary. A proposed 
hollow girder concrete bridge would provide access across the tributary. This option 
allows for the most optimal tributary condition. 
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For project feasibility analysis, the Corps provided water surface elevations for two 
mainstem discharge rates (200 cfs and 12,000 cfs) at the project location. Water surface 
elevation for average summer and winter flows were estimated from a linear interpolation 
of these data. By visual irispection of recent mean monthly flows for the months of 
November through February recorded at Auburn, an average winter flow of 2000 cfs was 
assumed. Based on the available hydrologic information, winter and summer elevations 
of the confluence of NE Auburn Creek were estimated to be approximately 27 feet and 
24 feet respectively. The proposed project should not affect current flow conditions or 
increase current flood elevations. Detailed analysis of backwater flooding into the 
tributary will be evaluated during advanced engineering and design. 

The proposed channel will have a 2-stage channel shape, with 3H: IV side slopes and an 
assumed bottom width 4-ft. Coir fabric overlaid with brush mat should be used to control 
erosion until riparian vegetation has a chance to establish itself. In addition, a 
zec@&nical investigation is recommended to study side slope stability because of the 
increased slope heights involved in daylighting the tributary. 

To provide habitat benefits and bank stability, root wads should be clustered and field 
place along the toe of the channel slope every two stream widths on average. The root 
wads will provide low velocity habitat areas. The root wad treatment should also extend 
to the outlet of the creek to provide stability. The riparian planting zone should extend 50 
feet on both sides of the channel. A reduced planting zone may be necessary along the 
tributary due to private land. Coir fabric overlaid with brush mat should be used to 
further control erosion in and around the confluence until riparian vegetation has a 
change to establish itself. The NE Auburn Creek Plan, Profile, and Typical Section 
drawmgs references LWD and riparian plantings. 

As a first order approximation to estimate a minimum bridge length, the loo-year flow 
for NE Auburn Creek was estimated using the rational method. A runoff coefficient of 
0.5 1, the loo-year 24-hour isopluvial equal to 3.94 inches, and an area of about 200 acres 
were used to estimate the loo-year discharge of approximately 400 cfs. The creek cross 
section for the proposed channel was then estimated and a top width of 36.5 feet was 
calculated. Multiplying the top width of the creek by 1.33, a minimum bridge width of 
48.5 feet was determined and rounded up to 50 feet. The new bridge structure will be 
located over the existing flap-gated culvert. Advanced engineering efforts-to model the 
hydrology and hydraulics of the basin should address this issue. Further criteria for the 
bridge design must include Sensitive Areas Ordinance and Rules and other agencies such 
as the City of Auburn and the Washington Department of Fish and Wildlife. 

Construction Cost Items and Quantities 
Construction line costs and quantities are shown in the MCACES portion of the attached 
engineering appendix. Quantities and costs were estimated from information obtained 
during HDR’s site visit and topographical maps provided by the Corps. A 15 percent 
contingency has been added to the quantities given the bounds of the study. An 
additional 25 percent cost contingency will be added when the USACE prepares the cost 
estimate unless otherwise specified. 
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Conclusions and Recommendations 
The NE Auburn Creek site can be effectively restored with the above channel and habitat 
improvements. The following items should be considered in the advanced engineering 
and design phase: 

1. A detailed hydrologic and hydraulic analysis including a detailed backwater analysis, 
is recommended to address tributary design, ensure adequate fish passage depths and 
velocities, bridge design, and adequate sizing of existing culverts. This study will also 
address any possible increase in flooding cased by the project and the amount and 
timing of the flows that will be available for the creek Also the h&h analysis will 
consider the scour and hydraulic effects of placement of LWD in the stream channel. 
A sediment yield study should be conducted to determine its future effect on Auburn 
Creek and the Green River. 

2. Consideration of the pronosed wetland miticration ulan for the construction of Seattle- 
Tacoma International Airport’s third runway application. 

3. Geotechnical studies should be performed to determine appropriate tributary and 
bridge foundations. 

4. Potential water quality concerns rising from local agricultural land use should be 
addressed. 

5. Determine planting zone limitations due to privately held land. 

6. 

Figures 
NE Auburn Creek Plan, Profile and Typical Section 
2-Stage Channel Riverine Planting Scheme Detail 
2-Stage Woody Debris Drawing 
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SITENO. 

Green-Duwamish G.I. Ecosystem Restoration Feasibility Study 
Project Description and Write-up 

Site Designation: Meridian Valley Creek 

Location 
The Meridian Valley Creek project is located in the City of Kent, WA, and includes the 
reach of Meridian Valley Creek fi-om the concrete box culvert under SE 256th Street, 
through an approximately lOOO-foot long, rectangular, concrete flume near the 
confluence with Soos Creek. 

Mo-jj9cSash.Mmblems 
As described in City of Kent (1999), Kent completed major annexations in 1996. To 
address potential environmental issues associated with the annexations, the City 
performed three studies to investigate the hydrology, hydraulics, and fisheries of 
creeks within the Watersheds of Soosette Creek, Lake Meridian, and Meridian 
Valley Creek. The creeks within these watersheds are tributary to the middle reach 
of Soos Creek, which drains into the Green River just east of the City of Auburn. 
The recently approved Capital Improvement Plan (CIP) includes water resource and 
habitat enhancement projects, including the Meridian Valley Creek project. The Kent 
Public Works Engineering Department has begun planning for these projects. 

Upstream of the Meridian Valley Creek project, the creek flows through Meridian 
Valley Creek Golf Course, where salmonid habitat is of relatively good quality. A 
lack of riparian vegetation along the flume and a deposition problem at its 
downstream end limit its ability to function as a fish passage to upstream habitat. 
Additional habitat limitations include a lack of both in-stream cover and off-channel 
refuge. Further, its proximity to SE 256th Street limits improvements such as riparian 
plantings. Despite its drawbacks, in a 1998 fisheries assessment (Harza, 1988), coho 
salmon, cutthroat trout, bullhead, sculpin, and lamprey were found along the flume. 
Gravel deposits are found in the gently sloped lower half of the flume. The upper 
section may impede fish passage due to low water depths and high velocities. 

Entrance (1999) has completed preliminary designs to replace the existing flume with a 
naturally functioning channel from SE 256th Street to the Soos Creek confluence. These 
designs were used to develop the preliminary designs presented here. 

The primary hydrologic concerns are related to SE 256” Street and the existing wetlands. 
The low gradient of the wetland area indicates that the lower reach of the restored reach 
is likely to be depositional. The selected project alternative should not result in increased 
flooding risk to SE 256*h Street due to backwater effects from the confluence with Soos 
Creek. The selected project should also avoid draining the existing wetland. 
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Meridian Valley Creek flows were provided in Entrance (1999) and reported in Table 1. 
These flows were used to size the channel for the selected alternative. 

Table 1. Meridian Valley Creek Streamflow 
(current basin landuse) 

Meridian Valley Creek 
Return Period (Years) Streamflow (cfs) 

2 99 
10 172 
25 211 
100 273 

The confluence with Soos Creek should be designed such that sediment deposition is 
minimized so that conveyance. capacity is maintained and wetland function is not 
reduced. 

Project Goals 
The project purpose is to replace the flume and provide passage with habitat 
enhancements fi-om Soos Creek to Meridian Valley Creek upstream of SE 256th Street. 
An ancillary benefit of the project is that it will provide a hydraulic connection between 
Soos Creek and the existing wetlands. 

Construction disturbance including fill in the wetland area should be limited. Plantings in 
the wetland area should occur in the disturbed areas only. The newly constructed channel 
should provide improved fish passage as well as habitat enhancement features such as 
woody debris. 

Proposed Solutions 
a Alternative 1: No Action. No modifications to the existing stream conditions. 

Habitat conditions would remain marginal. 

n Alternative 2: Replace the existing flume with a new channel from the box 
culvert under SE 256th Street to the confluence with Soos Creek through-the 
existing wetlands. The new channel would be constructed following the 
alignment proposed by Entrance (1999) and would be designed with fish 
habitat features. The existing flume would be removed. 

m Alternative 3: Identical to Alternative 2 but with a modified alignment that 
follows a milder grade and minimizes volume of excavated material. 

Recommended Plan 
The No Action alternative (Alternative, 1) does not meet the purpose of the project and is 
not a viable option for this site. Alternatives 2 and 3 both meet the purpose of the project. 
Alternative 3 is recommended because it minimizes project costs by reducing the 
excavation quantities, based on visual inspection of Alternatives 2 and 3 profiles (see 
Meridian Valley Creek Alternative Profiles drawing). By abandoning the flume and 

65 



constructing a l-stage channel from SE 256 Street to Soos Creek, the flume is removed 
and habitat is enhanced in the new channel. 

Habitat enhancement consists of woody debris and riparian vegetation. The Meridian 
Valley Creek drawing references riparian plantings and woody debris drawings. Woody 
debris should be staggered on alternating sides of the channel at approximately two 
stream width intervals. The riparian planting zone in Reach A (refer to Meridian Valley 
Creek drawing) should be 100 feet wide and extend from the channel edge on each side 
of the channel. The non-channel planting zone in Reach B, through the existing 
wetlands, should be 20 feet wide. In-channel vegetation is specified in the drawing as 
water fluctuation zone plantings. 

A l-stage channel was designed in the wetland region with a bankfull capacity of the 25 
year event flow. To minimize disturbance of habitat within the wetland, the bottom width 
of the proposed channel was nnmmized. Conveyance m the steeper, upstream region was 
also designed as a l-stage trapezoidal channel with a 25-year event capacity. A fi-eeboard 
of l-foot was included in both channel designs. Prior to project constructions studies 
should be made to see if a 25 year bank full design is desirable or would it be better it 
were the 2 to 5 year event as this would allow more wetland and bank recharge 
opportunities. Also a 100 year flood flow should be routed through the proposed site to 
determine its effects and a sediment transport and geotec study should be conducted 
on the upstream channel and the new channel. Studies should also determine if 
grade controls will be necessary on the new channel. 

Channel parameters such as bottom width and roughness were varied in order to achieve 
reasonable fish passage depths and velocities. The proposed channel characteristics were 
determined using the flows listed in Table 1 and Manning’s Equation. The channel 
characteristics of Reach A include a bottom width of 10 feet and side slopes of 3H:lV. 
The channel characteristics of Reach B include a bottom width of 4 feet and side slopes 
of 3H: 1V. A Manning’s Coefficient of 0.08 was used for the proposed channel 
containing woody debris. 

The following tables summarize channel parameters of the two channel reaches (channel 
depths include l-foot of freeboard). 



Average Velocity (f@) 3.2 4.0 2.2 2.7 

Construction’Cost Items and Quantities 
Construction line items and quantities are shown in the MCACES portion of the attached 
engineering appendix. Quantities were calculated based on the information obtained 
fi-om mapping. A 15 percent contingency was added to the quantities. An additional 25 
percent cost contingency will be added when the USACE prepares the cost estimate 
unless otherwise specified. 

Conclusions and Recommendations 
The Meridian Valley Creek site can be cost-effectively restored with the above channel 
and habitat improvements. The following items should be considered in the advanced 
engineering and design phase: 

1. A more detailed hydrologic and hydraulic analysis is recommended to ensure that 
appropriate fish passage depths and velocities are achieved. Entrance (1999) contains 
initial HEC-RAS modeling that may be updated for the final design. 

2. The impacts of woody debris and vegetation on channel hydraulics should be 
analyzed using the updated hydraulic model. 

3. Potential sedimentation at the grade break between Reach A and Reach B and at the 
confluence of the proposed channel and Soos Creek should be analyzed. 

4. Further hydraulic analysis may be required to account for stream bank erosion control 
measures at the confluence of the proposed channel and Soos Creek. 

5. Groundwater and/or geotechnical studies should be performed to evaluate the impacts 
of the new channel on the existing wetland hydrology so that the constructed project 
does not de-water the wetland. 

6. A retaining wall may be required on the uphill side of Reach A. Geotechnical studies 
may be necessary for the wall design. 

Figures 
Meridian Valley Creek Plan and Typical Section 
Meridian Valley Creek Alternative Profiles 
l-Stage Channel Riverine Planting Scheme Detail 
l-Stage Woody Debris Detail 
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SITE NO. ‘21 

Green-Duwamish G.I. Ecosystem Restoration Feasibility Study 
Project Description and Write-up 

Site Designation: Lake Meridian Outlet 

Location 
The existing project is located in the City of Kent, Washington and extends from the 
outlet of Lake Meridian at Lake Meridian Park to the confluence with Soos Creek. The 
majority of the current channel occupies a road ditch. 

Project Constraints/Problems 
As described in Kent (1999), Kent completed major annexations in 1996. To address 
potential environmental issues associated with the annexations, the City performed 
three studies to investigate the hydrology, hydraulics, and fisheries of creeks within 
the Watersheds of Soosette Creek, Lake Meridian, and Meridian Valley Creek. The 
creeks within these watersheds are tributary to the middie reach of Soos Creek, 
which drains into the Green River just east of the City of Auburn. The recently 
approved Capital Improvement Plan (CIP) includes water resource and habitat 
enhancement projects, including the Lake Meridian Outlet project. The Kent Public 
Works Engineering Department has begun plamring for these projects. 

As described in Kent (1999): 

Lake Meridian is one of the largest lakes in King County, covering a 153- 
acre area. The outflow from the lake is conveyed by way of surface routing 
over a distance of approximately 7,000 feet to a confluence with Big Soos 
Creek. The confluence is outside the City Limits along Kent-Black 
Diamond Road (152nd Ave SE). Approximately half of the lake outlet 
conveyance consists of a linear ditch that runs adjacent to the eastern 
shoulder of the road. There are twenty-one culverts within this reach and 
almost no riparian vegetation or other habitat features. The other (northern) 
half of the conveyance is a combination of engineered open channel, 
(relatively) natural stream, in-line detention, and dispersed flow through a 
wetland. 

Streamflow from the outlet of Lake Meridian is an important concern for the project. 
According to Kent (1999), “flow duration data indicate that there is no flow from the lake 
approximately 35% of the time, corresponding to the summer months.” If flow is not 
maintained from the lake through the summer months, summer rearing habitat in the 
proposed alignment may be limited. Pumping and lake outlet control options may be 
included in the project to provide necessary flows in the summer months. However, 
winter rearing and high flow refugia functions can be maintained. 
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Flood flows and frequencies within the existing outlet creek were described in 
GeoEngineers (1999) as follows: 

Table 1. Lake Meridian Outlet Flood Streamflows 
And Frequencies (current land use) 

Return Period (years) Streamflow (cfs) 
2 7.4 
5 9.2 
10 10.4 
25 11.7 
50 12.7 
100 13.5 

For preliminary design and quantity calculations, the 2-, 5-, and 50-year flows were used 
to estimate the dimensions of the proposed channel 

Project Goa!s 
The project goal is to replace the existing Lake Meridian Outlet alignment with a 
naturally functioning waterway between Lake Meridian and Soos Creek. At a minimum, 
the proposed channel should provide salmonid’rearing habitat and passage into Lake 
Meridian. 

Channel construction should minimize loss of existing wood, and excavated material 
should be removed from the site. 

Proposed Solutions 
m Alternative 1: No Action. No modifications to the existing stream conditions. 

Habitat conditions would remain marginal 

n Alternative 2: Construct Meridian Creek channel and improve outiet, using 
Alternative 2 Alignment. See Lake Meridian Outlet Plan and Typical Section 
drawing. Construct a new channel and enhance with riparian vegetation and woody 
debris. 

n Alternative 3: Construct Meridian Creek channel and improve outlet, using 
Alternative 3 Alignment. See Lake Meridian Outlet Plan and Typical Section 
drawing. Construct a new channel and enhance with riparian vegetation and woody 
debris. 

m Alternative 4: Construct Meridian Creek channel and improve outlet, using 
Alternative 4 Alignment. See Lake Meridian Outlet Plan and Typical Section 
drawing. Construct a new channel and enhance with riparian vegetation and woody 
debris. 
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Recommended Plan 
Alternative 2 was selected for feasibility evaluation by the United States Army Corps of 
Engineers (USACE) because the alignment minimized damage to existing vegetation. 
The No Action alternative does not meet the purpose of the project and is not a viable 
option for this site. Construction of the proposed realignments will achieve project goals 
by providing passage to Lake Meridian and rearing habitat for salmonid species. 
Alternative 3 was dropped because of its potential for fish stranding and high pond 
temperatures. Alternative 4 was dropped because of higher construction costs due to its 
length but should be examined later because of its uniform reduced slope. 

Depending on the specific needs of the salmonids that will be supported by the project, it 
may be necessary to augment the natural flow regime at the lake outlet. The current lake 
outlet is an unregulated open channel that goes dry during the summer months. If 
necessary, the outlet could be modified by the addition of an outlet control structure. The 
addition of the control structure would allow for prolonged storage of water with 
regulated releases to meet in-stream needs during the summer. Establishment of a pump 
system is another option that may be considered to augment flows. 

Habitat enhancement consists of woody debris and riparian vegetation. The Lake 
Meridian Outlet Plan drawing references riparian plantings and woody debris drawings. 
Woody debris should be staggered on alternating sides of the channel at random locations 
averaging two stream width intervals. The riparik planting zone should extend from the 
bank full condition 100 feet on both sides of the reach. In-channel vegetation is specified 
in the drawing as water fluctuation zone plantings. Plantings were based on the 
assuniption that flows are ongoing, however, site conditions should be evaluated before 
planting occurs in the water fluctuation zone. 

To design the channel, channel parameters such as bottom width and Manning’s 
Coefficient (n) were varied in order to achieve reasonable fish passage depths and 
velocities. Using Manning’s Equation for normal flow, roughness values of 0.08 were 
assumed in the channel designs. 
The project area includes 2 average slope regimes, Reach A and Reach B. Based on 
available topography, the slopes for Reach A and Reach B are 0.011 (ft/ft)‘and 0.056 
(fk./ft), respectively. Because a l-stage, vegetated, trapezoidal channel yielded normal 
depths considered too shallow (about 0.5 foot), both channels were designed as 2-stage. 
The main channel of the realignment was designed to convey the 5-year event, while the 
overbank areas were designed to the 50-year capacity. A freeboard of 1 -foot was 
included in the overbank channel designs. . Prior to project constructions studies should 
be made to see if a 50 year bank full design is desirable or would it be better if it were I 
the 2 to 5 year event as this, would allow more wetland and bank recharge opportunities. 
Also an erosion control study is needed in drder to located needed erosion control 
features for this project. 

Table 2 summarizes the estimated parameters of the two chosen channel designs. 
Overbank channel depth includes 1 foot of freeboard. 
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Table 2. Sumrnarv of Channel Variables. 

ReachA,S=O.Oll ft/ft Reach B, S = 0.056 ft/ft 

5 Year Event 50 Year 5 Yezir 50 Year 
(main channel) Event Event Event 

(overbank) (mti (overbank) 
channel) 

Flow (cfs) 9 13 9 13 

Flow Depth (ft) 1 2 1 1 

Channel Depth (fi) 1 3 1 2 

Average Velocity (fps) 2 1 3 2 

The slope of Reach B indicates that it may require grade control structures to reduce 
channel erosion. If the proposed Reach B channel follows a slope similar to the existing 
grade, it would form a step-pool morphology (Montgomery and Buffington, 1993). For 
feasibility purposes, a two-stage channel with woody debris morphology has been 
assumed. Further analysis may show that a step-pool morphology is necessary for stable 
channel design. 

Stream flow and hydraulics at the confluence of the re-alignment and Soos Creek should 
be evaluated in subsequent design efforts. Woody debris may need to be installed to 
prevent stream bank erosion and provide grade control to reduce potential down-cutting 
upstream of the confluence. 

Cost Items and Quantities 
Construction line items and quantities shown in the MCACES portion of the attached 
engineering appendix. The table was developed as a standard to be used for all of the 
sites. Quantities we& calculated based on the information obtained from mapping. A 15 
percent contingency was added to the quantities. An additional 25 percent cost 
contingency- will be added when the USACE prepares the cost estimate unless otherwise 
specified. 

Conclusions and Recommendations 
The Lake Meridian Outlet project can meet.the project purpose with the recommended 
channel and habitat improvements. The following items should be considered in the 
advanced engineering and design phase: 

1. The uncertainty of summer flows at the Lake outlet may prohibit the feasibility of this 
project . 

2. A more detailed hydrologic and hydraulic analysis is recommended in final design to 
ensure that appropriate fish passage depths and velocities are achieved. 

72 



3. Stream flow and hydraulics at the confluence of the re-alignment and Soos Creek 
should be evaluated in final design. 

4. Wood may need to be installed to prevent stream bank erosion. 
5. Potential sediment issues and down-cutting should be addressed. 
6. It may be necessary to augment summer flows from the lake using a modified outlet 

control and/or pumping. 

Figures 
Lake Meridian Outlet Plan and Typical Section 
2-Stage Channel Riverine planting Scheme Detail 
2-Stage Woody Debris Detail 
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SITE NO. 22 

Green-Duwamish G.I. Ecosystem Restoration Feasibility Study 
Project Description atid Write-up 

Site Designation: Olson Creek 

Location 
Olson Creek is a tributary to the Green River located partially within the City of Auburn, 
WA. The proposed project includes the reach from the confluence with the Green River 
and extends approximately 1500 feet upstream. The majority of this portion of the creek 
is within the Auburn City limits. 

Project Constraints/Problems 
Flows during the summer are colder than the Green River and considered high quality. 
The failure of an upstream culvert and erosion fiom the area has caused sediment laden 
pools, reducing the quality of salrnonid habitat and the transport capacity in the reach. 

Green River discharge is controlled by Howard Hanson Dam (HHD) located at River 
Mile (RM) 64.5. HHD provides flood control management for the Standard Project 
Flood (SPF) of 12,000 cfs (approximtitely the 500-year frequency event) at the United 
States Geological Society (USGS) gage near Auburn (USACE, 1997). However, the site 
has experienced a high flow of approximakiy 13,000 cfs measured at Auburn during the 
1996 flood event (Perkins, 1998). HHD also provides for a minimum instream flow of 
110 cfs during all summer months (USACE, 1997). Since the construction of HHD the 
minimum flow at the USGS site near Auburn is 152 cfs recorded on October 30,1987. 

The proposed project will restore approximately 1500 feet of tributary channel as 
enhanced habitat and should not impact current flow conditions or increase current flood 
elevations. 

Sedimentation within the channel and at the confluence of the Green River is a potential 
concern. This area may be prone to deposition due to the grade break near the 
confluence. The sediment budget must be maintained to avoid blocking flows within the 
reach. 

Summer flow conditions in Olson Creek are uncertain. It will be necessary to identify 
stream conditions to insure improved habitat criteria is meet. 

Project Goals 
The project purpose is to improve access to the tributary from the Green River, enhance 
the tributary habitat, restore ecological integrity, and provide summer and winter rearing 
habitat for sahnonid species. 

Project co&ruction should be limited to the tributary area and minimize the impact to 
existing vegetation. Erosion and sedimentation control measures should be considered to 
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prevent the transport of sediment into the Green River. Excavated material should be 
removed from the site. The project design should include large woody debris (LWD) and 
riparian plantings. Invasive plant species should be removed. Close coordination with 
the City of Kent Parks Department is required before the beginning of construction. 

Proposed Solutions 
m Alternative 1: No Action. No modifications to the existing stream conditions. 

Habitat conditions would remain unchanged. 

m Alternative 2: 2-Stage Channel. Remove excess gravel load, install woody debris 
and riparian plantings. Create a 2-stage channel to provide increased depth during 
low flow conditions. 

Recommended Plan 
Alternatives 2, the recommended plan, will address project goals by improving current 
habitat conditions in a timely manner. Alternative 1, the No Action alternative, was 
considered a viable option for this site. Excessive sediment in the channel appears to be 
from a one-time event. Additional sources of sediment from inner gorge mass wasting do 
not appear to be persistent. Considering that the degraded conditions are likely to 
improve over time if urbanization in the upper basin does not further alter the basin 
hydrology, financial resources could be allocated to best management practices (BMPs) 
in the upper basin. However, Alternative 1 improvements would not be immediately 
realized. 

Excessive material from the creek should be removed. It will be necessary to determine 
these quantities before the beginning of construction. A preliminary assumption to 
determine the quantity of material to be excavated was based upon a 20 sq. A. cross 
section for 1500 feet. A 2-stage channel has been assumed to provide additional stream 
depth during low flow conditions. The culvert located under Green River Road may not 
be properly sized. The advanced engineering phase should analyze the culvert and 
replace it if necessary. 

The riparian planting zone should extend 50 feet on both sides of the channel. 
Approximately 50 percent of the lower 750 feet of riparian area will be planted as shown 
on the Olson Creek Plan and Profile. The Olson Creek Plan and Profile reference 
iiparian drawings. 

The use of clumped root wad structures to provide further stability and habitat benefits 
should be field placed at alternating sides in the new channel. at the toe of the slope every 
2-stream widths on average. Root wad structures should be mixed with smaller packing 
pieces to increase cover from avian predators. Logs spanning the channel could be used 
to trap more wood and potentially create dam pools. 

Construction Cost Items and Quantities 
Construction line costs and quantities are shown in the MCACES portion of the 
engineering appendix. Quantities and costs were estimated from information obtained 
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during HDR’s site visit and topographical maps provided by the Corps. A 15 percent 
contingency has been added to the quantities given the bounds of the study. An 
additional 25 percent cost contingency will be added when the USACE prepares the cost 
estimate unless otherwise specified. 

Conclusions and Recommendations 
The Olson Creek project can meet the project purpose with the recommended tributary 
improvements. The following items should be considered in the advanced engineering 
and design phase: 

1. Stream flow conditions should be evaluated to determine low, average, and peak 
flow to ensure that appropriate tributary enhancement is achieved. 

2. Delineate excessive quantities of material to be excavated. 
3. Long term maintenance issues. ., 
4. Hydraulic analysis of culvert to determine if it needs to be replaced. 
5. H&H studies of the entire water shed to include a sediment analysis and its effects 

on the proposed project 
6. Geotechnical analysis of the canyon stability and its effect on a proposed firture 

project. 

Figures 
Olson Creek Plan, Profile and Typical Section 
2-Stage Riverine Planting Scheme Detail 
2-Stage Woody Debris Detail 
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SITE NO. 23 

Green-Duwamish G.I. Ecosystem Restoration Feasibility Study 
Project Description and Write-up 

Site Designation: Riverside Estates Side Channel 

Location 
Riverside Estates Side Channel is named after the existing residential development 
located near 371h Street NE in the City of Auburn, WA. The site is located at River Mile 
(RM) 28.8, behind Reddington Levee that currently provides flood protection. The 
proposed project includes the reach from an existing flap-gated culvert in the levee 
approximately 1500 feet upstream. 

Project ConstraintskobIems 
The Riverside Estates Side Channel is described in Perkins (1998) as the main channel of 
the Green River from before 1936 until at least 1960. Currently the Green River at this 
site is locally constrained by levees on both banks to provide for local flood protection. 
A flap-gated culvert was installed in the levee to allow the old channel to drain after 
flooding (Perkins, 1998). Perkins (1998) states that Riverside Estates is below the design 
flood elevation and is designated Zone AH on the Flood Insurance Rate Map (areas of 
ponding with flood depths of 1 to 3 feet). The old channel has a well-established 
cottonwood dominated canopy with heavy ground vegetation. An established ditch 
leading to the existing flap-gated culvert existed in 1998 and Perkins (1998) believes that 
minor flooding occurs when the abandoned channel floods due to seepage through the 
levee. Through flood control and charmelization, the current side channel has reduced 
ability, to provide habitat, refugia and channel diversity. 

The primary concern is to maintain the current level of flood protection while providing 
for the project purpose. Howard Hanson Dam located at RM 64.5 provides flood control 
management for the Standard Project Flood (SPF) of 12,000 cfs (approximately the 500- 
year frequency event) at the United States Geological Society (USGS) gage near Auburn 
(USACE, 1997). The Howard Hanson Dam also provides for a minimum instream flow 
of 110 cfs during all summer months (USACE, 1997). The present safe channel capacity 
downstream of Auburn is approximately 12,000 cfs. 

The proposed project will restore approximately 1500 feet of side channel as reclaimed 
habitat and should not impact current flow conditions or increase current flood 
elevations. 

Groundwater elevations in the side channel are unknown. However, the side channel 
area is often wet and may be hydraulically connected to the present mainstem of the 
Green River. A groundwater analysis including piezometers will be done prior to 
construction. 
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Project Goals 
The project purpose is to re-establish the side channel habitat to provide summer rearing 
habitat, and winter refugia while maintaining the existing level of flood protection to the 
local region. 

Project construction should be limited to the side channel area and the levee while 
minimizing the impact to existing vegetation. Erosion and sedimentation control 
measures should be considered to prevent the transport of sediment into the Green River. 
Excavated material should be removed fi-om the site. The side channel design should 
include large woody debris (LWD) and riparian plantings to provide enhanced habitat. 

Proposed Solutions 
m Alternative 1: No Action. No modifications to the existing stream conditions. 

Habitat conditions would remain unchanged. 

n Alternative 2: Levee Setback. Construct new levee between abandoned side channel 
and Riverside Estates to allow for reclamation of side channel for habitat 
enhancement. 

m Alternative 3: Side Channel Modification. Create a groundwater collection pond at 
the head of the side channel to provide for low summer flows. Replace the existing 
fiap-gated culvert with a new self-regtilating tidegate (SRT). Connect pond wit 
mainstem of the Green River by cutting a new channel from the pond to the new 
tidegate. The new channel will be approximately 1500 feet in length and constructed 
to permit conveyance of approximately l-2 cfs during low flow conditions. 

9 Alternative 4: Perkins 1998. This alternative is based upon Perkins’ 
recommendations in her Feasibility Report (Perkins, 1998). Move the lower portion 
of the levee upstream across the old abandoned channel to provide storm water 
detention for Riverside Estates during high flow conditions. Move the existing flap- 
gated culvert upstream to provide drainage of the detention area. Excavate backwater 
channel connection to promote seasonal backwater flooding. 

Recommended Plan 
Alternative 3 is the recommended alternative. Alternative 1, the No Action alternative, 
does not meet the purpose of the project and is not a viable option for this site. 
Alternatives 2,3, and 4 meet the project purpose. Alternative 2, the levee setback, was 
eliminated because of the small amount of space gained by moving the levee. Alternative 
3, the side channel modification would provide for project purpose, maintain the current 
level of flood protection, and reduced construction impacts. Alternative 4, would require 
a significant construction effort to move the levee, relocate the existing flap-gated 
culvert, relocate the existing Green River Trail with a minimum of reclaimed habitat. 
Additionally, Alternative 4 is not popular with Riverside Estates residence. 
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For project feasibility analysis, the Corps provided water surface elevations for two 
mainstem discharge rates (200 cfs and 12,000 cfs) at the project location. Water surface 
elevations for average summer and winter flows were estimated fiom a linear 
interpolation of these data. By visual inspection of recent mean monthly flows for the 
months of November through February recorded at Auburn, an average winter flow of 
2000 cfs was assumed. Further refinements of the proposed side channel hydraulics will 
be necessary in subsequent design efforts. 

A groundwater collection pond will be created at the head of the existing side channel. 
The pond is based upon the Lower Cedar River Flood Control Mitigation site plan with a 
side slope ratio of 3H: 1V. The pond has been designed to be 10 feet in depth based upon 
discussions with the United States Army Corps of Engineers (USACE). The ground 
water source has proven to be a clean and sediment free in other applications. 

The proposed channel is about 1500 feet in length and maintains a constant slope (0.0029 
ft/ft). The proposed channel has been designed to be trapezoidal in shape, have 2H: 1V 
side slopes, a 1-A: bottom width, a water depth of 0.75 feet, and convey approximately 2 
cfs. Parameters used to design the channel include a Manning coefficient (n) of 0.045 
and a stream length of 1500 feet. Channel dendrites have been added to avoid stranding 
fish. For erosion and sedimentation control a coir fabric can be used until the bank is 
stabilized by vegetation. The use of root wad structures to provide further stability and 
habitat benefits should be field placed at alternating sides in the new channel at the toe of 
the slope every 10 feet on average. A ddiional habitat enhancement consists of woody 
debris, riparian vegetation, and 18 inches of gravel to be placed on the bottom of the 
channel for Chum Salmon spawning. The riparian planting zone should extend 50 feet 
on both sides of the channel. Additional channel diversity could be achieved with the 
addition of step-pools. The Riverside Estates Plan, Profile, and Typical Section reference 
riparian and woody debris drawings. SRT details have also been included. It will be 
necessary to further address proposed side channel hydraulics in advanced engineering 
design efforts. 

The new channel will connect to the mainstem of the Green River through the SRT. The 
proposed SRT is a float-actuated water control value. The SRT allows the side channel 
to discharge during low flow conditions. During rising flow conditions, the SRT allows 
for flow into the side channel. At a designated discharge elevation, the SRT will close 
providing refugia for species while maintaining the existing level of flood protection to 
the local region. The SRT will reopen once the high flows have receded. An upstream 
wing wall is recommended to protect the SRT from high flow debris. Further 
calculations will be necessary to properly set the required SRT elevations to optimize 
habitat enhancement and refugia. 

Construction Cost Items and Quantities 
Construction line costs and quantities are shown in the MCACES portion of the attached 
engineering appendix. Quantities and costs were estimated from information obtained 
during HDR’s site visit and topographical maps provided by the Corps. A 15 percent 
contingency has been added to the quantities given the bounds of the study. An 
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additional 25 percent cost contingency will be added when the USACE prepares the cost 
estimate unless otherwise specified. 

Conclusions and Recommendations 
The Riverside Estate Side Channel Project can be reclaimed to meet the project purpose 
with the recommended channel and habitat improvements. The following items should 
be considered in the advanced engineering design phase: 

. A detailed hydrologic and hydraulic analysis is recommended to ensure that 
appropriate habitat enhancement and refugia are achieved. 

a Stream flow and hydraulics at the existing flap-gated culvert should be evaluated to 
set elevations for the proposed SRT. 

q Determine the required elevation for closure of the SRT to maintain existing flooding 
and detention benefits. 

m A man&r u v IS recommended to analvze the new channel and aroundwater 
collection pond. 

m A geotechnical analysis of the site soil composition is recommended to determine 
stable slope angles and failure potential. 

Figures 
Riverside Estates Plan, Profile, and Typical Section 
Self Regulating Tidegate Details 
1 -Stage Riverine Planting Scheme Detail 
1 -Stage Woody Debris Drawing 
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SITE NC). 24 

Green-Duwamish G.I. Ecosystem Restoration Feasibility Study 
Project Description and Write-up 

$ite Designation: Mainstem Maintenance 

Location 
The location of the proposed project is the reach from Auburn to Tukwila from River 
Mile 17 to River Mile 32. In this stretch the river is confined by a levee and bank 
stabilization project and significant development. The project sites are adjacent to urban 
and industrial development. 

Site Constraints/Problems 
The combination of the Howard Hanson Dam and the construction of numerous levees 
and urban developments have combined to reduce the historical transport rates of 
sediment, channel migration across the Green River floodway, and the inundation of a 
significant portion of its floodplain. The construction of these levees and revetments, and 
the controlled flow release of the dam, has contributed to the river’s inability to carve (or 
even flood) some side channels. Also in this portion of the river the majority of the banks 
have been hardened and trees and other fish friendly structures have been removed to 
make the river as efficient as possible. This channel reduction has significantly reduced 
the amount of rearing habitat available to almost all fish species and has made any 
existing off stream side channels and accessible wetlands into critical habitat. Also 
historically the alternative that has been used to maintain the stability of these banks and 
levees systems is rock protection of the entire effected area. Riprap or rock bank 
protections have very little or known value to resident or anadromos fish. 

The fisheries resources of the existing river include chinook and coho salmon 
(Oncorhynchus kisutch) and anadromous and resident cutthroat trout (0. clarki clarki) 
The pre-disturbed Lower Green River supported a much larger population of spawning 
and juvenile salmon than it presently does, when the Green River scoured the small wall 
tributaries and side channels on an annual basis before construction of the Howard 
Hanson Dam. Many side channel areas were cleared of most trees, and now lack wetland 
connections, which provided deep rearing pools, critical habitat for salmonids. Also 
lacking in the Lower Green River is the Large Wood that provided a significant amount 
of habitat prior to it being removed for agricultural practices and urban development. In 
summary, there is a critical need for more fish habitat in the Lower Green River to 
improve the survivability of downstream moving juveniles 

Project Goals 
The goal of the project is to improve the fish habitat in the lower Green River corridor 
and provide stable bank and levee conditions for the protection of significant 
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development in this reach. To achieve these goals, the Corps will work with King 
County and the Local Dike Improvement District over a 10 year period to implement fish 
tiendly, bio-engineered solutions to the maintenance problems on the River. 

Proposed Solutions 
m Alternative No. 1 - No action to enhance the existing stream system. 

m Alternative No. 2 - The recommended plan, will work with King County and the 
Diking Improvement District over a 10 year period to help implement bio-engineered 
solutions to bank and levee slope instability projects on the lower Green River. This 
project would include the implementation of approximately 5 to 7 miles of dike 
improvements throughout the lower Green River. 

n Alternative No. 3 - Place LWD within the lower Green River channel. 

Recommended Plan 
Alternative No. 1 -No action was rejected since the need for additional good fish habitat 
in the lower Green River basin is critical to the overall fish habitat ecosystem through the 
entire green. 

Alternative No. 2 - The recommended plan, involves working with the County and the 
District on enhancing the overall environmental heath of the lower Green River. Part of 
this plan will include a river model that will help insure that with the placement of bio- 
engineered structures do not jeopardize the existing flood control in the lower Green 
River system. The limiting factors analysis shows that this habitat is critical to the 
fisheries resources of the lower Green River. 

Alternative No. 3 - Placing LWD in the lower Green River is possible but additional 
studies are needed to insure uncompromising flood control capability of the stream. ,This 
alternative is acceptable in locations where we will increase the flow capacity of the 
stream channel by modifying the bank slope angles for increased bank stability. 
Prior to construction, an h&h analysis of actual existing wood structures would be 
completed to determine the Manning n of these proposed in river structures. The 
proposed LWD design, according to design experience of 11 sites-already in place on 
other river systems, will minimize the loss of large wood from the structures. LWD 
placement should’consider alternative locations, where flow conveyance is not 
hydraulically effective (i.e., inside sharp bends, downstream of contractions, etc.) and 
flood control functions, potentially, are minimally effected: Other alternative locations 
include portions of the bank that are a given height above the channel bottom or 
freeboard areas. In general, a significant analysis of flood elevations must be completed 
prior to construction. 

Cost Items and Quantities 
Construction items and quantities are shown in the MCACES portion of the attached 
engineering appendix. The table has been developed as a standard to be used for all of 
the sites. Those line items not applicable are left blank in the table. Quantities were 
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calculated based on the information obtained by a King County Department of Natural 
Resources site visit and from mapping. Additional property easement acquisition would 
be necessary along with the easements already acquired. 

Conclusions and Recommendations 
We recommend the implementation of a plan that would allow the Corps to work with 
the County and District on implementation of a comprehensive bio-engineered program 
for bank stabilization over a 10 year period. 
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SITE NO. 25 

Green-Duwamish G.I. Ecosystem Restoration Feasibility Study 
Project Description and Write-up 

Site Designation: Porter Levee Setback 

Location 
This site is one mile upstream of the crossing of Highway 18 and the Green River. It is on 
the right bank of the river near the Meat Market. 

Site Constraints/Problems 
Much of the historic flood plain for this portion of the Green River has been converted to 

X,-D T TIPPP P ue.““” ” 

meander and make new channels. Only hmited places allow the nver to spill over its 
banks to re-charge the adjacent ff ood plain. These alterations in channel morphology 
have significantly decreased spawning habitat in the mainstream, reduced flood storage 
capacity and limited nutrient export f?om the adjacent terrestrial system. This project 
would follow the purchase and side channel re-connection project -Section 1135, Early 
Action Project of 1999. Two site considerations need to be addressed: 

1. Is the current agriculture land in a program that would discourage the removal 
of the training levee and replacement of it back on the Green River Valley 
Road. 

2. The first restoration phase of the area was completed in 1999. A portion of 
the training levee was removed to re-connect the river to an old slough. If the 
entire training levee is removed there is a chance the river will occupy this 
former levee and convert off-channel habitat to the mainstream. If this occurs, 
newer off-channel habitat could be created by the river as the river shifts from 
the current channel. 

Project Goals 
The site (mainstream of the river) currently provides excellent spawning habitat for 
chinook and over-wintering habitat for juveniles, and refuge from high flows for multiple 
species (in the recently connected slough). The proposed action is to use land already 
purchased by the county that was former flood plain - protected fi-om the river by an 
existing training levee. Potentially, 45 acres of flood plain could be restored to being 
directly effected by the river by removing the training levee. The goal of the project is to 
allow the river to move or meander across the former flood plain, increasing channel 
length in a highly productive chinook spawning area. Benefits include creating 
additional off-channel habitat, improving nutrient export, and increasing base flow and 
flood storage capacity. 
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Proposed Solutions 
Three alternatives have been considered. They include: 

m Alternative One: This is the no-action alternative where the status quo is maintained. 

n Alternative Two: This alternative is a compromise option. The existing training levee 
would be removed, including its rock toe, and reconstructed half way back in the 
farm field adjacent to the existing road for the entire length of the project. About 
twenty acres of flood plain would be reconnected. Uneven compaction under the new 
rock levee, allowing seepage under the new levee is a potential concern. A small 
(2OOft long) levee would be constructed at the upstream portion of the property to 
protect the adjacent landowners. 

m Alternative Three: This is the full restoration option. The existing training levee 
its toe, and placed at the toe of Green River Valley 

Road. About 1800 linear tt. or new levee wouid b T . . 
e construmere. m addrtmn a 

small 200-ft levee would be constructed on the up riverside of the property adjacent 
to the river to prevent flooding to neighboring property. This alternative restores 
about 45 acres of flood plain; large woody debris could be placed in the flood plain 
and plantings done along the river. 

Recommended Plan 
Alternative three meets the goals of the project and provides the greatest amount of 
restoration for expenditure of resources. 

Cost Items and Quantities 
Construction line items and quantities are shown in the MCACES portion of the attached 
engineering appendix. 

Conclusions and Recommendatiqns 
Alternative three is the best way to meet project goals. This alternative provides a 
feasible opportunity to reconnect a large portion of the flood plain and allow the river to 
meander - increasing chamrel length.. The site is currently in agriculture but is routinely 
flooded in the spring. A flood analysis should be done during plans and specifications. 
Also an upstream and downstream effect on flow and sediment transport characteristics 
of the Green River will need to be deterrnined prior to construction. This would be 
included in a complete h&h, geomorphological and geotec study. 
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SITE NO. 26 

Green-Duwamish G.I. Ecosystem Restoration Feasibility Study 
Project Description and Write-up 

Site Designation: Kaetch Side Channel 

Location 
The location of the existing side channel is on a gravel terrace just upstream of Neely 
Bridge on the right bank of the river. The proposed channel wouid enter the Green River 
at approximately river mile 35. The existing’300ft long channel.would originate at an 

Site Constraints/Problems 
The combination of the Howard Hanson Dam and the construction of numerous levees 
have combined to reduce the historical transport rates of sediment, channel migration 
across the Green River floodway, and the inundation of a significant portion of its 
floodplain. The construction of these levees and revetments, and the controlled flow 
release of the dam, have contributed to the river’s inability to carve (or even flood) some 
side channels. This channel reduction has significantly reduced the amount of rearing 
habitat available to almost all fish species and has made any existing off channel side 
channels into critical habitat; this is especially true if the channel can provide good water 
quality year around. 

The fisheries resources of the existing side channel include coho salmon (Oncorhynchus 
kisutch) and anadromous and resident cutthroat trout (0. clarkz clarki). The pre-disturbed 
Lower Green River supported a much larger population of spawning and juvenile salmon 
-due to the annual scouring of the small wall tributaries and side channels before 
construction of the Howard Hanson Dam, Many side channel areas were cleared of most 
trees, destroying wetland connections, which provided deep rearing pools and critical 
habitat for salmonids. 

In stunmary, there is a critical need for more productive side channels within the Green 
River system. Healthy riparian growth, pool ripple habitat, large woody debris (LWD), 
backwater pools and other habitat features are essential for juvenile fish. 

Project Goals 
The primary goal of the project is to reestablish natural ecosysem processes in the side 
channel riparian corridor to increase salmonid rearing potential. This will involve 
constructing additional side channel and wetland refuge habitat within the Green River 
system. 

Proposed Solutions 
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n Alternative No. 1 -No action to enhance the existing channel system. 

n Alternative No. 2 - Action includes: construct a year round water source for an 
existing 300 foot long side channel that would then enter the Green River at the 
downstream end; plant native vegetation including Sitka spruce, Western red cedar, 
black cottonwood, bitter cherry, and cascara; enhance existing plants; remove exotic 
invasive species; protect channel buffer areas and encourage the establishment of a 
minimum lOO-foot wide riparian buffer; restore and create connections to off-channel 
habitats for salmonids. This alternative would include a upstream pond that would be 
designed to capture ground water to feed the pond area. 

= Alternative No. 3 - Place LWD within the channel. 

Recommended Plan 
A 1) 
site channels is considered critical in the Green River. 

onal good to excellent 

Alternative No. 2 - This is the recommended altemati’ve. Enhance the side channel 
corridor by establishing a coniferous native plant community within a channel buffer that 
is fenced off from livestock. A riparian corridor with a buffer width of a minimum1 00 
feet for each bank is recommended. A coniferous tree cover is necessary for shade, 
cover, and insect production utilized by salmonids, and that provides an eventual in- 
stream LWD and structural complexity necessary for successful coho and cutthroat 
spawning and reproduction. The planting of conifers, such as native Sitka spruce and. 
Western red cedar, and a native plant understory, would create shade and structural 
diversity in the channel riparian corridor and adjacent wetlands. Specifics include: 
provide plantings and acquire a lOO-foot buffer on both sides of the proposed channel, 
fi-om the existing side channel to its connection with the Green River, 500 feet 
downstream. The project would include a log and rock weir that would allow fish 
passage at all elevations and keep a fairly constant pond level. 

Alternative No. 3 - Place LWD in the channel. This action may be phased following the 
stabilization of sediment input and the establishment of a coniferous riparian cover. 

Cost Items and Quantities 
Construction items and quantities are listed the MCACES portion of the attached 
engineering appendix, The table has been developed as a standard to be used for all of 
the sites. Those line items not applicable are left blank in the table. Quantities were 
calculated based on the information obtained by a King County Department of Natural 
Resources site visit and from mapping. Property easement acquisition would be 
necessary. 

Conclusions and Recommendations 

We recommend the construction of a water source for an existing 300 ft long side 
channel with adequate plantings and in-stream diversity including LWD, that will address 
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current shortages of critical habitat in the Green River System. Restoring channel 
function with native plant riparian communities, including the placement of spruce and 
cedar, would reduce forest fragmentation within the channel and improve shading and 
structural diversity. A ground water study including the instillation of pizometers would 
be done prior to project construction. Also a h&h analysis of how the proposed project 
and LWD reacts to flood flows needs to be done prior to construction. 
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SITE NO. 27 

Green-Duwamish G.X. Ecosystem Restoration Feasibility Study 
Project Description and Write-up 

Site Designation: Ray Creek 

Location 
Ray Creek (WRIA 09.0098) is a former side channel now occupied by a wall-based 
tributary located witbin the Green River floodplain. It joins the Green River at river 
mile 34.2, immediately downstream of the Nealy Bridge. The 2.3~mile-long stream 
originates within a former Green River side channel that formed along the right bank. 
The majority of Ray Creek is located within the south half of Sections 22 and 23, 
Township 21, and Range 5 East (vicinity map attached). 

Site Constraints/Problems 
The hydrologic regime of the Green River has been drastically changed. The 
combination of the Howard Hanson’Dam and the construction of numerous levees have 
combined to reduce the historical transport rates of sediment, channel migration across 
the Green River floodway, and the inundation of a significant portion of its floodplain. 
The construction of these levees and revetments, and the controlled flow release of the 
dam, has contributed to the river’s inability to carve (or even flood) some side channels. 

The sediment source for Ray Creek within the Green River Valley floor seems to be 
primarily caused by livestock access to the stream and erosion of the floodplain by 
overgrazing. There are some sediment sources from a few small slope failures along the 
right bank. 

The fisheries resources of Ray Creek include coho salmon (Uncorhynchus kisutch) and 
anadromous and resident cutthroat trout (0. clarki clarki) [Washington Department of 
Fisheries 19751. The pre-disturbed Ray Creek supported a much larger population of 
spawning and juvenile coho salmon than it presently does, when the Green River scoured 
the small wall tributaries and side channels on an annual basis before construction of the 
Howard Hanson Dam. The tributary was cleared of most trees by 1936, and has lacked 
wetland connections, which provided deep rearing pools, critical habitat for salmonids. 
The entire stream reach studied lacked any significant coniferous or hardwood tree 
stream buffer, especially along the left bank. 

In summary, Ray Creek is poor in instream large woody debris (LWD), lacks a 
coniferous riparian buffer, and is readily accessible to livestock that have muddied and 
eroded much of the streambank. Fish use in the lower reach is greatly limited by the 
large amount of sediment within the streambed, historical removal of natural instream 
structures that cause a lack of LWD, lack of cover, and the paucity of connected deep- 
water habitats most typically associated with large dammed or backwater pools. 
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Project Goals 
The primary goal of the project is to restore and protect a native coniferous plant 
community within the riparian buffer and allow natural ecosystem processes to be re- 
established in the stream riparian corridor. Project goals include creating a natural 
environment to enhance salmonid rearing within the stream, reduce sediment impacts 
from cattie, and create additional connected refuge wetiand habitat. 

Proposed SoIutions 
m Alternative No. 1 - No action to enhance the existing stream system. 

= Alternative No. 2 - Enhance the stream corridor throughout the entire length of Ray 
Creek with native vegetation that would include the planting of Sitka spruce, Western 
red cedar, black cottonwood, bitter cherry, and cascara. Enhance existing refugia of 
forest on the right bank, upslope of the stream. Remove exotic plant invasives. 
Protect stream buffer areas to exclude livestock through fencing, and encourage the 
establishment of a 200-foot-wide riparian buffer. Restore and create connections to 
off-channel habitats for salmonids. Remove the excessive finer sediment load within 
the streambed with vactoring (Vactor Truck). 

m Alternative No. 3 - Place LWD within the channel. 

Recommended Plan 
Alternative No. 1 - No action was rejected since Ray Creek continues to be a source of 
juvenile refuge for salmonids and is a valuable source of cool spring-fed water. 

Alternative No. 2 - Enhance the stream corridor by establishing a coniferous native plant 
community within a stream buffer that is fenced off from livestock. A riparian corridor 
with a buffer width of 100 feet for each bank is recommended. A coniferous tree cover is 
necessary for shade, cover, and insect production utilized by salmonids, and provides an 
eventual instream LWD and structural complexity necessary for successful coho and 
cutthroat spawning and reproduction. The planting of conifers, such as native Sitka 
spruce and Westem.red cedar, and a native plant understory, would create shade and 
structural diversity in the stream riparian corridor and adjacent wetlands. During final 
design structures for steam stability will be evaluated. Fencing off the buffer area is 
essential to protecting the riparian corridor. Specifics include: 

n Plant, fence and acquire a lOO-foot buffer on both sides of Ray Creek, fiorn the King 
County property line (near the outlet) to 1,400 feet upstream. 

m For the subsequent 2,300 feet upstream, plant both right and left banks; acquire a 
IOO-foot buffer on both sides, with fencing along the left bank. 

= The next 1,600 feet upstream would also be planted and fenced on both right and left 
banks; 1 00-foot buffers on both sides would be acquired. 
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m The wetland perimeter within the upper end of Ray Creek should be planted and 
fenced, with acquisition of a lOO-foot buffer area for both sides of stream. 

g Sediment may be vactored by a truck at key locations. Bank stabilization needs to be 
implemented first. 

Alternative No. 3 - Placing LWD in the channel may be phased following the 
stabilization of sediment input and the establishment of a coniferous riparian cover. Any 
hydraulic diversity created by LWD might be readily buried with sediment. 

Cost Items and Quantities 
Construction items and quantities are shown in the MCACES portion of the attached 
engineering appendix. Those line items not applicable are left blank in the table. 
Quantities were calculated based on the information obtained by a Ring County 
Department of Natural Resources site visit and from mapping. 

Conclusions and Recommendations 
The stream riparian native plant community restoration, including the placement of 
spruce and cedar, would reduce forest fragmentation within the stream and stream 
floodway and improve shading and structural diversity of the channel. Removal of finer- 
sized sediment accumulations can be achieved by using a vactor method. Fencing and 
eliminating livestock,destruction of the stream bank is also a restoration alternative. As 
part of the final design, we recommend that a detailed property survey and analysis be 
conducted for the purpose of establishing the 200-foot stream riparian buffer and 
purchasing easement property. A complete h&h analysis needs to be done on this creek 
prior to project construction as well as an analysis of sediment yield and transport 
characteristics of the creek. Also design input will be used to design a project that 
minimizes maintenance. 
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SITE NO. 28 

Green-Duwamish G.I. Ecosystem Restoration Feasibility Study 
Project Description and Write-up 

Site Designation: Hamakami Levee Breach 

Location 
The location of the proposed Levee Breach is in the vicinity of an existing training levee 
at approximately river mile 36. The proposed site is adjacent to crop lands and a forested 
wetland that is landward of the training levee. The wetland landward of the existing levee 
was a former meander that was separated from the Hamakami levee in 1960. 

Site Constraints/Problems 
The combination of the Howard Hanson Dam and the con&m&ion of numerous levees 
have combined to reduce the historical transport rates of sediment, channel migration 
across the Green River floodway, and the inundation of a significant portion of its 
floodplain. The construction of these levees and revetments, and the controlled flow 
release of the dam, has contributed to the river’s inability to carve (or even flood) some 
side channels. This channel reduction has significantly reduced the amount of rearing 
habitat available to almost all fish species and has made any existing off stream side 
channels and accessible wetlands into qitical habitat. 

The fisheries resources of the existing river include chinook and coho salmon 
(Oncorhynchus kzsutch) and anadromous and resident cutthroat trout (0. clarki clarki) s. 
The pre-disturbed Lower Green River supported a much larger population of spawning 
and juvenile salmon -due to the annual scouring of the small wall tributaries and side 
channels before construction of the Howard Hanson Dam. Many side channel areas were 
cleared of most trees, destroying wetland connections, which provided deep rearing pools 
and critical habitat for salmonids. 

In summary, there is a critical need for more access by fish to existing wetlands 
especially forested wetlands adjacent to the river. Remaining wetlands connected to the 
river will be used as models for the proposed wetland connections. 

Project Goals 
The ptimaqqr goal of the project is to connect an existiig forested wetland to the river to 
be used for fish habitat. This involves creating a natural environment -used as re&ge 
wetland habitat-to enhance sahnonid rearing. 

Proposed Solutions 
m Alternative No. 1 -No action to enhance the existing stream system. 

m Alternative No. 2 - Construct two 175fi long channels which would provide access 
to an existing forested wetland Construct a third channel on the downstream end of 
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the forested wetland to insure that during low water periods the fish have egress from 
the forested wetland. Plant the new channels and augment the natural wetland 
vegetation as necessary. 

w Alternative No. 3 - Place LWD within the channel. 

Recommended Plan 
Alternative No. 1 - No. action was rejected since the need for additional good to excellent 
side channels is considered critical in the Green River. 

Alternative No. 2 - The recommended plan. Enhance the forested wetland by connecting 
it with two inflow channels and one outlet channel. These channels will be designed to 
minimize maintenance. This plan provides the necessary side channel habitat that will 
significantly enhance fish usage of this site. The limiting factors analysis shows that this 
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Alternative No. 3 - Placing LWD in the access channels and wetland may be phased 
following the stabilization of sediment input and the establishment of a coniferous 
riparian cover. 

Cost Items and Quantities 
Construction items and quantities are shown in the MCACES portion of the attached 
engineering appendix. The table has been developed as a standard to be used for all of 
the sites. Those line items not applicable are left blank in the table. Quantities were 
calculated based on the information obtained by a King County Department of Natural 
Resources site visit and from mapping. Property easement acquisition would be 
necessary. 

Conclusions and Recommendations 
We recommend the construction of two 175 ft long land access channels and one 175 ft 
long drainage channel which would help reduce the need for this critical habitat in the 
Green River System. Restoring this wetland function by connecting it to the river would 
help provide critical habitat for salmon refuge and rearing. H&H studies will be 
conducted to insure this project will cause no additional flooding of land adjacent to and 
downstream of the levee and to design channels that will require very little maintenance. 
The levee is only a training levee and is designed to keep the river in its present location, 
Under present conditions, the floodplain and wetland inland from the levee are flooded 
regularly due to upstream overtopping of the floodplain. We will do additional studies to 
insure that the project does not effect the stability of the existing levee. 
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SITE NO. 29 

GREEN-DUWAMISH RIVER ECOSYSTEM RESTORATION 
FEASIBILITY STUDY 

PROJECT DESCRIPTION AND WRITE-UP 

Site Designation: Turley Levee Setback 

Location 
The location of the existing levee is at River Mile 37 about 2 miles upstream of Neeley 
Bridge. The proposed project would include moving approximatelly 800 feet of levee 
back approximatelly 500 feet. This would allow a significant amount of area to be open 
to the power of the river to flood and work on this new area and sculped it into new fish 
habitat. 

Site Constraints/Problems 
The combination of the Howard Hanson Dam and the construction of numerous levees 
have combined to reduce the historical transport rates of sediment, channel migration 
across the Green River floodway, and the inundation of a.significant portion of its 
floodplain. The construction of these levees and revetments, and the controlled flow 
release of the darn, has contributed to the river’s inability to carve (or even flood) some 
side channels. This channel reduction has significantly reduced the amount of rearing 
habitat available to almost all fish species and has made any existing off channel side 
channels into critical habitat. This is especially true if the channel can provide good 
water quality year around. 

The fisheries resources of the existing side channel include coho salmon (Oncorhynchus 
kzkutch) and anadromous and resident cutthroat trout (0. clarki clarki) The pre-disturbed 
Middle Green River a much larger population of spawning and juvenile salmon than it 
presently does, when the Green River scoured the small wall tributaries and side channels 
on an annual basis before construction of the Howard Hanson Dam. Many side channel 
areas were cleared of most trees , and has lacked wetland connections, which provided 
deep rearing pools, critical habitat for sahnonids. 

In summary, there is a critical need for more good river and side channel habitat within 
the green river system with good riparian growth, pool ripple habitat, large woody debris 
(LWD) and other habitat features that is readily available to juvenile fish. 

Project Goals 
I The primary goal of the project is to make additional area avalible to the river for it to 

construct additional side channel habitat within the Green River system in order to allow 
natural ecosystem processes to be re-established in the side channel riparian corridor. 
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Project goals include creating as natural an environment as possible to enhance salmonid 
rearing within the area now open to the river and let the river create refuge wetland 
habitat. 

Proposed Solutions 
9 Alternative No. 1 - No action to enhance the existing channel system. 

m Alternative No. 2 - Allow the river to reaquire access of over 1300 feet of additional 
river edge and allow it to create additional side channel and main channel habitat. 
This project would require native vegetation that would include the planting of Sitka 
spruce, western red cedar, black cottonwood, bitter cherry, and cascara. Enhance 
existing plants. The project would also require the construction of setback levees tp 
protect the existing farmland. 

m Alternative No. 3 - Place LWD within the setback area. 

Recommended Plan 
Alternative No. 1 - No action was rejected since the need for additional good to excellent 
site channels is considered critical in the Green River. 

Alternative No. 2 - Open up 1300 feet of river edge to the river by removing and setting 
back an existing levee so the river can be allowed the freedom to construct additional side 
channels and off channel areas for fish and wildlife habitat. Construct a let back levee to 
protect the adjacent farmland and residences from the river. In certain locations 
additional tree cover will be provided for shade, cover, and insect production utilized by 
salmonids. The tree cover will eventual provide inchannel LWD and structural 
complexity necessary for potential successful coho and cutthroat spawning and 
reproduction. The planting of conifers, such as native Sitka spruce and western red 
cedar, and a native plant understory, would create shade and structural diversity in the 
channel riparian corridor and adjacent wetlands. Construct an outlet channel on the 
downstream end of the project. 

Alternative No. 3 - Placing LWD in the levee setback area may be phased following the 
temporary stabilization of the river channel and the establishment of a coniferous 
riparian cover. 

Cost Items and Quantities 
Project quantities and costs are in the attached MCASES cost estimate in this appendix, 

Conclusions and Recommendations 
We recommend the elimination of an existing levee and construction of a new levee 
about 500 feet back from the river which will open up approximately 12 acres of land 
that are currently out of the active river flood way. The project would also include 
adequate plantings and in channel diversity from channel design and LWD to help reduce 
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the need for this critical habitat in the Green River System. An h&h, geomorphological 
and geotec analysis on this site would be done prior to construction. 
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SITE NO. 30 

Green-Duwamish G.I. Ecosystem Restoration Feasibility Study 
Project Description and Write-up 

Site Designation: Lones Levee Removal 

Location 
The project site lies approximately 1,000 feet south of the 17200 block of Southeast 
Green Valley Road and on the right bank of the Green River at about river mile (RM) 38 
in the south half of Section 25, Township 21 North, Range 5 East. 

Site ConstraiqMProblems 

River have been severely impeded by the construction of revetments and levees that have 
artificially restricted channel widths. These constraints limit channel-migration activities, 
side-channel formation, and the creation of variable habitat types that are critical for 
sustaining viable salmonid populations in the Green River. The construction of the 
Howard Hanson Dam (-RM 62) flood-control facility has compromised much of the 
Green River’s ability to function as a natural river system. The dam has deprived the 
lower Green River of upland sediment sources that have historically replenished the river 
system since the retreat of Puget Sound glaciers. Howard Hanson Dam operations now 
dampen and control peak flow events that once had a profound influence on Green River 
channel-migration patterns. The Green River is slowly undergoing an incision process, 
and the river has assumed a uniform, single-thread channel configuration over most of its 
length. Meander bends and side channels have become stranded and disconnected from 
the active channel. 

The Lones Levee was constructed in 1960 as a training levee to prevent the middle Green 
River from migrating northward, in a progressive meander bend, into agriculturaY 
farmland. The agricultural/farmland sits on a terrace located 2 feet above the critical 
12,000-cubic-foot-per-second flow rate regulated by the Howard Hanson Dam. The 
levee was not designed to prevent flooding; floodwaters currently flow around both ends 
of the levee as well as through the old meander bend. The Lones Levee has slowly 
developed a dampening influence on channel-migration activity for approximately 
0.5 miles downstream of the site, where a straighter channel void of side channels has 
formed. This reach of the Green River lacks a considerable amount of habitat 
complexity, channel-migration capability, and floodplain connectivity that are important 
functional elements of riverine ecosystems. 
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Project Goals 
The basic goal of this project is to restore natural channel-migration processes that are 
consistent with present-day flow regimes attributable to the Green River. The Lones 
Levee is situated close to the downstream terminus of the most active channel-migration 
zone in the middle Green River. This reach of the river, in Metzler and O’Grady Parks, is 
distinguished by large-amplitude meander bends, braiding (anabranches), cutoffs, and 
avulsions. By removing the Lones Levee and re-establishing channel-forming processes, 
the middle Green River will be allowed to reoccupy and reset old meander bends and 
channel-migration zones. The re-occupation of these areas will create a diversity of 
complex habitat types suitable for many fish and other species. 

Proposed Solutions 
Three alternatives have been considered for the Lones Levee project: 

n Alternative No. 1 - No action: Under this alternative, the project goals of restonng 
natural channel-forming and channel-migration processes would not be addressed. 

. Alternative No. 2 - Restore the natural channel-forming processes and channel- 
migration zone to the middle Green River by implementing the following activities: 

m Remove the Lones Levee including its toe rock to match the existing ground 
elevations. 

a Excavate and construct a setback revetmentilevee on the terrace just above the old 
meander bend to provide private property protection fiorn potential channel 
migration. 

n Assess levee removal impacts to lower Burns Creek and evaluate the need for 
realignment of the creek channel. 

n Jnstall Constructed Log Jams (CLJs) and large woody debris (LWD) near the 
upper end of the levee removal area and in selected sites, where appropriate, 
within the old meander bend/channel-migration zone. 

n Buy out parcels threatened by loss of the levee and/or setback-revetrnent 
protection. Purchase other properties and flood facility easements. 

= Remove the existing access road that crosses the old meander bend. 

n Alternative No. 3 - Leave the Lones Levee in place and deepen the high-flow 
connection to Burns Creek. This will increase the amount of access to the former 
meander bend by winter flows. Additionally, remove the access road that crosses the 
old meander bend and excavate a downstream connection at the lower end of the . 
levee to the river. 
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Recommended Plan 
Alternative No. 1, no action, was rejected since it would not restore natural channel- 
migration processes to the Lones Levee reach of the middle Green River. 

Alternative No. 2, to remove the levee, was selected as it provides an ecosystem process- 
based opportunity to restore natural channel-forming processes and channel-migration 
zones to the middle Green River. Removing the Lones Levee will not only allow the old 
meander bend to be reoccupied, but will also beneficially affect channel-migration zones 
immediately upstream and downstream of the existing levee. A variety of habitat types 
will be created over time and should provide rearing and spawning areas for a variety of 
salmonids and other fish species. Besides the emplacement of CLJs and LWD, 
recruitment of LWD complexes will occur from the reoccupation of the old meander 
bend. Larger-sized trees that have grown in the meander bend (since the Lones Levee 
construction) will have the potential to be recruited by the Green River. 

The installation of a setback revetment or levee would provide protection to private 
property and simultaneously encourage ecosystem processes to re-establish. Burns Creek 
would naturally merge with the reoccupation of the old meander bend and provide refuge 
habitat and a cool water source to the meander bend. 

Alternative No. 3 does not allow the Green River to naturally reoccupy the old meander 
bend or reactivate historical channel-migration zones. Complex habitat types associated 
with large rivers would not be able to develop by allowing the levee to remain in place. 
The main channel of the Green River would still remain in a relatively straight alignment 
and would not have any more ability to deveIop or recruit LWD complexes. This reach 
of the Green River would still remain spawning-limited. Excavated areas on the 
upstream and downstream ends of the levee would likely remain as only temporary 
connections and would not provide long-term access or benefits to the old meander bend. 

Cost Items and Quantities 
Construction line items and quantities shown in the MCACES portion of the attached 
engineering appendix. 

Conclusions and Recommendations 
Proceed with planning, design, and construction of Alternative No. 2. Design analyses 
and considerations should include the following: perform a hydraulic model of the Green 
River upstream and downstream of the Lones Levee; input channel geometry changes 
anticipated from the levee removal into the hydraulic modei to analyze potential impacts; 
consider phasing the project to ensure that site locations for CLJs and LWD are opti- 
mized for maximum habitat benefits; evaluate realignment and reconnection of the 
confluence of Burns Creek to the Green River side channel behind the Lones Levee; 
conduct a detailed geomorphological and h&h study on this site to determine adequacy of 
the proposed levee alignment and length., and research the need for any floodplain 
adjustments that may be required by the Federal Emergency Management Agency. 
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SITE NO. 31 

Green-Duwamish G.I. Ecosystem Restoration Feasibility Study 
Project Description azd Write-np 

Site Designation: Burns Creek 

Location 
Burns Creek (WRIA 09.0105) joins the Green River on the right bank at river mile 38, at. 
the upstream end of the Lones Levee. Burns Creek is approximately 2.1 miles long and 
flows along the north side of Southeast Green Valley Road, roughly parallel to the Green 
River. The majority of Burns Creek is located within Section 21, Township 21, and 
Range 5 East. 

Site Description 
Burns Creek has an average gradient of 0.2 percent. Three main tributaries from the 
north side of the Green River Valley wall feed the creek. The two downstream tributaries 
flow through steep ravines that are subject to landslides, while the upstream tributary (the 
north fork) is a spring-fed, wall-based channel. Bums Creek provides juvenile rearing 
habitat for coho salmon, chinook salmon, and cutthroat trout and spawning habitat for 
chum salmon, coho salmon, and cutthroat trout. 

Site Constraints/Problems 
Two major landslides occurred in 1991 and 1995 in the Bell Ravine, a tributary to Burns 
Creek behind the Auburn Youth Resource House. These landslides continue to be active 
and feed sediments into the stream system during heavy ram events, though they are 
caused by groundwater exiting the ravine wall and not by channel incision. There is little 
sign that these landslides are “healing,” and there is evidence that other sites in the ravine 
may begin sliding. Sediments from these landslides and from another much smaller 
slump immediately adjacent to the Auburn Youth Resource House were and continue to 
be deposited in the mainstem of Burns Creek. Aggradation of the streambed of Bums 
Creek causes flooding of a basement upstream of the confluence with the Bell Ravine 
tributary (18022 Green Valley Road) and several driveways downstream and has 
overtopped Green Valley Road. Landslide-derived sediment from the ravine has infilled 
the main channel of Burns Creek through the Auburn Youth Resource House property 
and damaged salmonid spawning and rearing habitat downstream. 

Deficiencies in habitat diversity, in-stream woody debris, riparian vegetation, and 
spawning gravels are most likely limiting the anadromous and resident fish production in 
Bums Creek. The filling of pools and spawning gravels with sand from the landslides, 
and the occasional dredging of these sediments to maintain driveways crossing the creek, 
have damaged or impaired both rearing and spawning habitat for sahnonids. Currently, 
the only gravel-bedded sections of Burns Creek lie immediately downstream of the 
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confluence with the Bell Ravine tributary, and this reach is probably the most prone to 
repeated disturbance and deposition due to the upstream landslides. The paucity of 
spawning substrate and cover is probably limiting the reproductive and juvenile rearing 
capacity of the stream. 

As stated in the Geomorphic Feasibility Report for Bums Creek, prepared by Perkins 
Geosciences, mass wasting in Bell Ravine and the consequent deposition of sediments in 
the valley below is probably a natural and ongoing process, perhaps aggravated by 
changes in the hydrology of the basin. This process is a problem because houses and 
roads are now located adjacent to Bums Creek, constricting its tendency to migrate under 
these conditions and resulting in flood/erosion damage to those properties. 

The natural flow regime of the Green River has also been altered by the Howard Hanson 
Dam upstream. During high-flow events, flood waters corn the Green River may have 
scoured some of the sediments from the lower reaches of Burns Creek and recruited some 
of the sediment deposited from Bell Ravine when it routinely flooded this area prior to 
construction of the dam. 

Project Goals 
The goal of the Ecosystem Restoration Study for Bums Creek is to enhance salmonid 
habitat in Bums Creek and to reduce property damage associated with flooding and 
channel aggradation. This should be accomplished by restoring those functions of the 
stream that distribute sediments and recruit woody debris in a manner beneficial to 
aquatic species. Inherent in this goal is the establishment of some equilibrium of the 
processes of channel migration/formation and sediment transport and deposition. This 
equilibrium should either allow the stream system to respond to the deposition of 
sediment in a natural manner by migrating and flooding without causing further property 
damage, or alter the supply and/or transport of sediments in such a way as to allow the 
current channel configuration to stabilize, or some combination of these two. 

Proposed Solutions 
m Alternative No. 1 - No Action to the Existing Stream Conditions 

The “no action” option will allow the continuing buildup of fine sediment and gravel 
in Burns Creek. This, in turn, will result in the continued filling of any pools 
downstream of the Burns Creek/Bell Ravine confluence and continued decline in the 
quality and amount of gravel substrate suitable for salmonid spawning. This 
alternative will also likely result in migration of the channel below the confluence, 
eventual undermining of the driveway bridges, continued flooding of upstream 
properties, and possible flood and scour damage to Green Valley Road. 
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m Alternative No. 2 - Enhance Habitat Diversity of the Stream 

This alternative would improve streamside vegetation, increase in-stream habitat 
complexity, provide additional riparian cover, and manage fine silt. This can be 
accomplished by: 

n Native riparian vegetation plantings; 
n Addition of large woody debris (LWD) complexes to the channel; 
n Fencing to prevent livestock access to the creek and riparian areas; 
a Removal of exotic plant species; and 
m Removal of fine sediment. 

The following is a description of the proposed improvements to Bums Creek under 
this alternative broken down by six reaches and one tributary. . 

A. 

B. 

Reach 1 - Mouth of Creek to First Bridge at Southeast Green Valley Road 
(approximately 1,250 feet in length). 

This reach is of low gradient (1.5 to 4 percent) and much of the habitat is 
run/riffle with and estimated 30 percent pools and pocket water. LWD is sparse; 
only four LWD pieces occurred in this reach. Placement of several LWD pieces 
in-stream would help improve habitat complexity by introducing pools, shade, 
and refuge areas. However, delivery of LWD wbuld be difficult, probably 
requiring a helicopter.’ No LWD should be installed in this reach until the 
sediment deposition problem has been resolved. 

Planting of native conifers (Western red cedar, Douglas fir, and/or Sitka spruce) 
throughout this reach would provide longer-lasting overhead cover and a long- 
term source of woody debris to the system. 

As part of a separate project proposing removal of Lones Levee at the confluence 
with the Green River, the lower half of this reach may be rerouted into a remnant 
side channel of the Green River. 

Reach 2 - Bridge at Green Valley Road to first driveway crossing (Pederson, 
17610 Southeast Green Valley Road) [approximately 1,250 feet in length]. 

This reach is a fairly low-gradient, uticonfmed channel. Very little large substrate 
is found in this reach. There is some rip-an vegetation that provides overhead 
cover, but there is a lack of in-stream structure and overhanging bank cover. 

The addition of approximately 15 pieces of LWD would provide overhead and in- 
stream cover and some structural complexity to this reach of stream. This could 
be easily and inexpensively accomplished using a crane placed on the adjacent 
road shoulder. However, no LWD should be installed in this reach until the 
sediment deposition problem has been resolved. 
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Planting of native conifers (Western red cedar, Douglas fir, and/or Sitka spruce) 
throughout this reach would provide longer-lasting overhead cover and a long- 
term source of woody debris to the system. 

C. Reach 3 - First driveway crossing (Pederson,17610) to brown wood house 
(18022 Southeast Green Valley Road). The Bell Ravine tributary confluence is 
near the upstream end of this reach (approximately 1,250 feet in length). 

Reach 3 runs through residential and developed area. The stream becomes wide 
and sandy as a result of fine sediment fi-om landslide activities. Riparian 
vegetation is sparse to absent. Several driveways cross the stream, and it appears 
that sahnonid juveniles are using them as overhead cover. 

~~~in~o~o~~~~te~~~~~~~ or Sitka spruce) 
throughout this reach would provide longer-lasting overhead cover and a long- 
term source of woody debris to the system. 

The addition of LWD to this reach could be easily and inexpensively 
accomplished and would provide some structural and habitat complexity. 
However, this may be impractical due to the presence of driveway bridges, adja- 
cent houses and yards, and the tendency for sediments to deposit in this reach. 
The addition of LWD would probably promote sediment deposition in this reach 
and encourage channel migration. These, in turn, would worsen upstream 
flooding problems and may endanger the adjacent roadway and other structures. 
No LW’D should be installed in this reach until the sediment deposition problem 
has been resolved. 

Dredging or “vactoring” the fine sediments out of this reach might temporarily 
improve habitat conditions by re-forming pools and cleaning spawning gravels. 
However, this would be at best a temporary solution under present conditions and 
should only be considered after the sediment deposition problem has been 
resolved. 

D. Reach 4 - Driveway of 18022 Southeast Green Valley Road to 18717 Green 
Valley Road (approximately 3,000 feet in length). This reach is upstream of the 
confluence with the Bell Ravine tributary confluence. 

This reach is probably the most degraded section of Burns Creek. The use of the 
streamside vegetation by livestock is very intense. There is virtually no habitat 
diversity. 

Removing some of the exotic plants and planting native conifers (Western red 
cedar, Douglas fir, and/or Sitka spruce) and other native trees and shrubs 
throughout this reach would provide long-lasting overhead cover and a long-term 
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sortme of woody debris to the system. This would need to be done in conjunction 
with fencing of livestock from the riparian area. 

The channel could also be restored to a more natural configuration by making it 
narrower and deeper (by “vactoring” out fine sediments) and adding meanders and 
complexes of woody debris. Gravels might also be added if they are not present 
beneath the silt and sand currently filling the original channel. Much of the work 
on this reach of channel could be easily accomplished from the adjacent road 
shoulder, but would require the willing cooperation of the property owner(s). 

Work performed in this reach would not be subject to sedimentation from Bell 
Ravine, as would work done downstream of the Bell Ravine confluence. 

E. Reach 5 -From 18717 Southeast Green Valley Road to second bridge at Green 
Valley Road (approximately 1,000 feet in length). 

Reach 5 is a moderately confined channel with low to moderate gradients. The 
riparian zone is dominated by blackberry and other shrubs in the understory and 
deciduous trees in the overstory. There is a fair amount of LWD in the stream.’ 

Planting of native conifers (Western red cedar, Douglas fir, and/or Sitka spruce) 
and other native trees and shrubs throughout this reach would provide long-lasting 
overhead cover and a long-term source ofwoody debris to the system. 

F. Reach 6 - From the second bridge to upstream end (approximately 600 feet in 
length). 

This last reach has an unconfined to moderately confined channel with a fairly 
low gradient. It lacks habitat diversity and gravel substrate. 

Planting of native conifers (Western red cedar, Douglas fir, and/or Sitka spruce) 
and other native trees and shrubs throughout this reach would provide.long-lasting 
overhead cover and a long-term source of woody debris to the system. 

NOTE: Any efforts to improve habitat conditions within Burns Creek should be 
either phased in conjunction with efforts to control sediment supply and transport 
through the system or carried out with the assumption that such control will not be 
possible. In the latter case, improvements to the stream downstream of the conflu- 
ence with Bell Ravine should be limited to riparian plantings. 

104 



a Alternative No. 3 - Erosion/Sediment Source Control 

A. Revegetate Landslide Scars in Bell Ravine 

Speed up the revegetation process of the bare landscape scars within Bell Ravine 
to help stabilize the slides and slow transport of sediment down to the stream. 
Willow or dogwood stakes, and/or contour wattling, could be used in moister and 
flatter lower sections of the slides, and within the slide bowl near the silt beds. 
The planting effort may be renewed as many times as needed until the plant 
community becomes re-established. 

B. Groundwater Interceptor Drains 

Deep perforated pipes could be placed parallel to Bell Ravine to intercept 
groundwater seepage landward of the slope interface and convey it to the stream 
without mobilizing sediments. 

C. 

0. 

Ravine Slope Stabilization 

An effort could be made to stabilize the slopes with a combination of 
revegetation, geo-fabric reinforcement, and bio-engineered techniques. 

Slope Regrading 

The eroding slopes could be regraded to a more stable configuration. 

. Alternative No. 4 - Sediment Transport Control 

A. Sediment Trapping 

A sediment trap could be constructed at the base of Bell Ravine to intercept and 
store sediment from the eroding slopes, possibly in conjunction with Alternative 
No. 3 and/or 4B. This may help reduce sediment deposition in the stream but 
may decrease the supply of spawning gravel. The pond will require frequent 
maintenance for removal and disposal of sediment and would probably have to be 
very large to trap sufficient volumes of sediment. 

B. Tightlining Surface Water Discharge 

Flows, either in their entirety or those above a certain discharge, could be 
tightlined through the sensitive portions of the ravine and discharged into a 
control point at the bottom of the ravine. This would prevent them from 
transporting sediments from the slide areas during high-flow events. If specific 
surface water outlets at the top of the ravine can be identified, these outlets could 
also be collected into the tightline system. The tightline system could be effective 
at preventing the transport of sediments fi-om the slide areas to Bums Creek by 
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bypassing flows around the problem areas. However, it would probably not slow 
the progress of the slides themselves, since they are caused by groundwater 
discharge on the ravine walls (Perkins Geosciences Report, 1999). 

m Alternative No. 5 - Buy Out or Alter Properties Affected by Flooding/Deposition 

A. Buy the properties and remove structures along the north side of Green Valley 
Road that border the stream, with priority given to those that either flood 
frequently (18022 Green Valley Road) or that are downstream of the Bell Ravine 
confluence. This alternative would allow the stream to migrate through these 
areas unhindered (or at least less hindered) by artificial structures and to distribute 
its sediment load throughout this area. This alternative would also allow the 
construction of a new channel through these properties that would be firther from 
the roadway. 

B. Remove existing driveway bridges at two or three houses in Reach 3 and replace 
with one bridge to serve either two or all three residences. This would reduce the 
impact of artificial structures on the creek and decrease the need for “emergency” 
dredging. The replacement bridge should be sufficiently wide to accommodate 
some migration and change to the channel beneath and should be above the 
loo-year flood elevation. . 

Analysis of Alternatives and Recommendations 
Alternative No. 1, the “no action” alternative, will not achieve either of the project goals. 
It is likely that landslides in Bell Ravine will continue to contribute large volumes of 
sediment to the system and that the bed of Burns Creek will continue to aggrade. This, in 
turn, will cause continued flooding upstream of the confluence, continued siltation of 
spawning gravels and filling of pools, and will probably result in either damage to the 
driveway bridges downstream of the confluence or “emergency” dredging by those 
landowners to prevent that damage. Habitat deficiencies in Bums Creek will persist and 
probably worsen under the “no action” alternative. 

Implementation of portions of Alternative No. 2, enhance habitat diversity of the 
&i-earn, is the highest priority at this site in terms of cost-benefit returns and enhancing 
habitat. All planting recomtnendations should be implemented according to the attached 
planting plans, as should the fencing recommendation for Reach 4. However, no woody 
debris should be installed downstream of the Bell Ravine confluence (Reaches 1,2, and 
3) unless and until the sediment source/transport problems are resolved. The addition of 
woody debris to these reaches would probably encourage sediment deposition, thus 
aggravating the flooding problems here and upstream. Installation of woody debris and 
plantings should be carried out in Reach 4 as soon as possible, but only if a fenced buffer 
can be obtained from the landowner(s). 

Alternative No. 3A, revegetate landslide scars in Bell Ravine, should be implemented as 
soon as possible and possibly repeated yearly, depending upon further evaluation of its 
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effectiveness. While it is doubtful that this will significantly slow the input of sediment 
to the stream system, it is inexpensive and worth pursuing on the chance that it’will help. 

Alternative No. 3B, groundwater interceptor drains, would be very expensive to construct 
and maintain and of questionable effectiveness, given that the slide faces are already 
vertical and very high and are not likely to stabilize at their present formation. 

Alternative No. 3C, ravine stabilization, may not be practicable due to the extent of the 
sliding steepness of the slopes. Again, this should be given some further consideration in 
an analysis of the hydrology and geology of the ravine and surrounding areas. 
Alternative No. 3D, slope regrading, would require the removal of an immense volume of 
earth, along with much existing vegetation and at least two residential structures near the 
tops of the slopes, This endeavor would be very costly, very intrusive to both the existing 
natural environment of the area and its residents, and may provoke other erosion prob- 
lems beyond those currently plaguing the system. 

Alternative No. 4A, sediment trapping, may be effective at preventing sediments from 
Bell Ravine from reaching Bums Creek during less-than-catastrophic events. There is a 
suitable site for a large sediment trap at the bottom of Bell Ravine, near the confluence 
with Burns Creek. There is.a good discussion of the pros and cons of this alternative in 
the “Geomorphic Feasibility Report for Burns Creek” prepared by Perkins GeoSciences. 
In addition to the factors mentioned there, this alternative may be difficult for permitting 
and regulatory reasons as well. 

Alternative No. 4B, tightlining surface water drainage, may be a solution to the transport 
of excessive sediments from Bell Ravine into Burns Creek. A tightline is a pipe that 
would pick up flows at the top of Bell Ravine and convey them past the landslide-prone 
areas. It may reduce the amount of sediment actually transported downstream to Bums 
Creek, but will probably not stop the landslide activity itself. The success of this 
approach would depend on a hydrological study of the drainage that concludes a tightline 
could in fact pick up a large percentage of the flow of the Bell Ravine creek upstream of 
the slide areas, even during high-flow events. This creek is very steep in gradient, with 
numerous natural barriers to fish migration, so it is unlikely that any salmonids-resident 
or anadromous-utilize the ravine reaches. 

Alternative No. 5A, buy out or alter properties that restrict the channel’s migration or 
are chronically affected by flooding, may be the most certain solution to the flooding/ 
property damage problems associated with Burns Creek and may also provide the stream 
with the natural mechanism for distributing its sediment load. However, this alternative 
would be expensive, disruptive to local residents, and unlikely to win their necessary 
cooperation. 
Alternative No. 5B, consolidating the driveways in Reach 3 into one stream crossing that 
is able to withstand flooding and some migration of the stream course, could give the 
stream some latitude to migrate and distribute sediments, and might also alleviate 
property damage and/or the need to take drastic measures (for example, dredging) to 
prevent darnage. However, with the adjacent residential structures and yards still present, 

107 



it is doubtful that this alone would solve the sediment problem or significantly improve 
habitat in the system downstream of the properties. 

Recommended Plan 
Achieving the goals of this project will require the phased implementation of a 
combination of the above alternatives. Several actions could be undertaken immediately 
to improve habitat in parts of Bums Creek and alleviate property damage from flooding. 
Some of these actions, such as fencing and planting in Reach 4, would have substantial 
and long-reaching benefits to the stream. Others, such as riparian plantings in the lower 
reaches, would improve the situation but would not solve the most egregious problems 
affecting those reaches. Long-term solutions to habitat problems in the lower reaches of 
Burns Creek and to some other flooding problems (for example, threats. to the adjacent 
roadway) will require more study and more involved solutions. 

&r. : nf I z 

Alternative No. 2 and, if possible, some part of Alternative No. 5: Enhance the habitat 
diversity of the stream as detailed above, and approach landowners along Reach 3 
regarding either purchase of their properties or modification/consolidation of their 
driveway access bridges. In addition, Alternative No. 3A, revegetation of the toes of the 
landslide scars in Bell Ravine, should be done, perhaps several times if necessary. 

This combination of alternatives will probably not significantly reduce the amount of 
sediment transported out of Bell Ravine. However, it will allow Burns Creek to respond 
to that sediment input in a more natural manner by allowing it some latitude to migrate 
and flood, both natural processes of streams. Backwater flooding will probably still 
occur upstream of the confluence with Bell Ravine, in the vicinity of the residence, unless 
that residence is moved or removed. Furthermore, this combination of alternatives will 
allow for substantial improvements to habitat in Burns Creek, especially in Reach 4, the 
most degraded section of the stream. 

In addition to these immediate actions, further study of the hydrology and geology of the 
Bell Ravine drainage basin should begin as soon as possible in order to assess the feasi- 
bility of structural solutions to the sediment transport problem (such as those presented as 
Alternative Nos. 3 and 4). If these alternatives are found to be viable and practicable, one 
or more should be implemented. Once this has been accomplished, further improvements 
to the in-stream habitat of Bums Creek downstream of the Bell Ravine confluence, such 
as addition of LWD and sediment removal, should be carried out. 
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Cost Items and Quantities 
Construction line items and quantities are shown in the MCACES portion of the attached 
engineering appendix. 

Conclusions and Recommendations 
The processes of mass wasting, sediment transport, and deposition affecting Bell Ravine 
and Burns Creek are natural and probably cyclical and have been active since the last ice 
age (Perkins Geosciences Report, 1999). Bell Ravine and the floodplain surrounding 
Bums Creek and the Green River were formed by just such processes. These processes 
may have been somewhat exacerbated by alteration of the hydrology of the watershed, 
and study should be devoted to assessing the extent of this relationship. However, the 
downstream problems associated with these processes of sediment transport and 
deposition result from constraints placed upon the Burns Creek system that inhibit its 

c 
presence of adjacent recnt 
inability of the channel to migrate. Additional geomorphological, geotechnical, and h&h 
studies will be necessary prior to project construction on this site. These studies will 
address variations of sediment yield and processes throughout the watershed to put into 
perspective the landslide source. 

Options for dealing with the problems posed by this situation fall into three categories: 
(1) remove the constraints that prevent a natural response by the system; (2) remove or 
buy out whatever assets are damaged by the situation as it now stands; or (3) intercede in 
the system in such a way as to restore some sort of new equilibrium to the system. Each 
of these approaches has limitations and drawbacks, and a workable solution probably 
crosses the boundaries of these categories. Removing the constraints to the natural 
response.mechanisms might entail moving Green Valley Road and all of the adjacent 
residences and structures, which is probably not practical or economically feasible. 
Removing or buying out those assets that stand to suffer more damage under present 
circumstances may be slightly more practical in some cases, such as moving or removing 
individual residences, but equally difficult in others, such as moving a major roadway. 
The success of interceding in the system would depend upon much study of the system as 
a whole, upon finding a solution that will indeed solve the problems without creating new 
ones, and upon that solution being economically and practically feasible. 

Remedies to the degraded state of fish habitat in Bums Creek are both intertwined with 
the above-stated problems and separate. A stream that is allowed to respond naturally to 
natural disturbance and that has the necessary “tools” to make that response-an intact 
riparian zone, source of LWD, etc. -will probably, eventually, form complex and 
productive habitat for fish evolved to live in such systems. Some measures may be taken 
to improve habitat without necessarily “restoring” the system to its unconstrained state, 
such as planting conifers in the riparian areas, fencing livestock from the stream, and, 
perhaps, replenishing the supply of LWD. These measures are relatively inexpensive and 
easy to execute; however, the beneficial effects of these actions will be limited by the 
continued deposition of sediment in the channel and the channel!s inability to respond 
naturally to that deposition. 
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The recommended combination of alternatives stated above is designed to execute those 
measures that remedy the most egregious and pressing property damage problems 
(flooding of the Fremouw residence and threats to the driveway bridges in Reach 3 are 
relatively certain to provide beneficial effects on habitat and sediment and no detrimental 
effects to surrounding properties [conifer planting, livestock fencing, selective LWD 
placement, planting of the landslide toes], and leave open the possibility of a more 
comprehensive solution to the problem [study of the hydrology of the drainage basins and 
possible structural solutions to the sediment source/transport issues]). 
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Burns Creek Planting Specifications 

Reach 1 - Mouth of Creek to first bridge at Southeast Green Valley Road (approximately 
1,250 feet in length). 
Install bare-root stock Western red cedar (%@ @cat,?) :,, A _ _v ln 1 q-fnot intervals along both 
sides of the creek. Total Quantity: 175 bare-root stock cedar saplings. 

Reach 2 - Bridge at Green Valley Road to first driveway crossing (Pederson, 
176 10 Southeast Green Valley Road) [approximately 1,250 in length]. 
Install bare-root stock Western red cedar (27zu.u plicnta) in 15-foot intervals along both 
sides of the creek. Total Quantity: 175 bare-root stock cedar saplings. 

Reach 3 - First driveway crossing (Pederson, 17610) to brown wood house 
(18022 Southeast Green Valley Road) [approximately 1,250 feet in length]. 

\ in 15--h 

sides of the creek. In addition, native willow (S&c sp.) stakes should be installed along 
the foot of the slump adjacent to the Auburn Youth Resource House on two-foot centers, 
three deep. Total Quantity: 175 bare-root stock cedar saplings, 100 willow stakes. 

Reach 4 - Driveway of 18022 Southeast Green Valley Road to 18717 Green Valley Road 
(approximately 3,000 feet in length). 
Planting specifications for this reach will require more detailed planning in conjunction 
with fencing and channel reconfiguration and should only be carried out if livestock 
fencing is installed. See the attached typical planting plan, to be modified as buffer 
widths are negotiated with landowner(s). The optimal buffer width on the north side of 
the creek (right bank) is 75 feet. 

Reach 5 - From 18717 Southeast Green Valley Road to second bridge at Green Valley 
Road (approximately 1,000 feet in length). 
Install bare-root stock Western red cedar (Thujaplicata) in 15-foot intervals along both 
sides of the creek. Total Quantity: 135 bare-root stock cedar saplings. 

Reach 6 - From the second bridge to upstream end (approximately 600 feet in length). 
Install bare-root stock Western red cedar (2’7zuja plicata) in 15-foot intervals along both 
sides of the creek. Total Quantity: 80 bare-root stock cedar saplings. 

Bell Ravine Landslide Plantings 
Install approximately 300 native willow (SaZix sp.) stakes in the toes of the two landslide 
scars in Bell Ravine in any locations where they appear to have a chance of survival. 
Repeat yearly as necessary and/or potentially useful. 

Total bare-root cedar saplings required: 740, plus whatever are required to plant Reach 4 
after fencing. 

Total native willow stakes required: 300, plus possible yearly supplemental plantings. 
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SITE NO. 32 

Green-Duwamish G.I. Ecosystem Restoration Feasibility Study 
Project Description and Write-up 

Site Designation: Mainstem Green River Large Woody Debris 

Location 
Approximately 73 sites within the mainstem Green River between the City of Auburn 
and the City of Tacoma Pipeline withdrawal (river mile [RM] 32 to RM 61). 

Site Constraints/Problems 
ALCG&WXE~ nf larpe woo&in the river channel contributes to low channel complexity in 
the mainstem Green River. Elimination of the supply of naturally recruited large wood 
through historical and ongoing timber harvest throughout the Green River watershed 
contributes to the absence of instream wood. Moreover, flow regulation by the Howard 
Hanson Dam has greatly altered natural flow patterns within the Green River, which in 
turn alters wood supply through natural landslides and bank erosion caused by flood 
events, and wood transport. Wood is currently collected in the Howard Hanson 
Reservoir as routine maintenance, providing a potential supply of wood to be added to 
the channel downstream of the Tacoma Pipeline intake. 

Project Goals 
The primary project goal is to restore natural ecosystem processes of large woody debris 
(LWD) recruitment, transport, and structure in the mainstem Green River. Restoring this 
ecosystem process will accomplish additional project goals of rehabilitating instrearn 
salmon spawning, rearing, and migration habitat while reducing the need for ongoing 
habitat maintenance. Restoring ecosystem processes will also rehabilitate habitat for 
non-salmonid aquatic organisms, and non-aquatic organisms that use the Green River for 
some component of their life history. 

Proposed Solutions 
Perkins (1999) conducted a detailed analysis of existing LWD in the Green River and 
made recommendations on LWD enhancement strategies. Recommendations made 
below draw heavily from that work. The following four alternative approaches to 
restoring the processes of LWD supply, transport, and structure in the mainstem Green 
River were considered: 

. Alternative No. 1 -No action: no modifications would be made to existing 
conditions. The mainstem river would remain LWD-limited; the river channel would 
remain morphologically simple, and degraded salmon habitat would remain 
unchanged, or even worsen over time. 

m Alternative No. 2 - Remove the Howard Hanson Dam to restore natural LWD 
recruitment and transport in the Green River. Underplant the riparian corridor with 
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native trees (conifers and cottonwoods) to provide a future source of naturally 
recruited large wood to the river. Place large wood as unanchored, partly buried 
debris jams in the mainstem to provide immediate fish habitat structure. 

m Alternative No. 3 - Undermine banks along the river downstream of Howard Hanson 
Dam to create landslides that would provide sources of large wood to the river. 
Allow existing river hydraulics to transport wood to create logjams where existing 
channel gradient and morphology allow. Under-plant the riparian corridor with native 
conifers and cottonwoods to provide a future source of naturally recruited large wood 
to the river. This approach would artificially initiate wood supply through the natural 
process of landsliding, but continued flow .regulation by the Howard Hanson Dam 
would maintain altered wood transport. 

w Alternative No. 4 - Place large wood as unanchored “key members” in the mainstem 
river to provide the basis for formation of bar apex jams (BAJ) and meander jams 
(MJ). Typical naturally occurring BAJ and MJ on the Green River are described by 
Perkins (1999). Add additional wood to the river channel and allow existing river 
hydraulics to transport wood to create logjams against key members and in other 
locations where existing channel gradient and morphology allow. Construct 
“engineered logjams” only in locations where there is an immediate need to protect 
property or ensure human safety threatened by river migration, as suggested by 
Perkins (1999). Under-plant the riparian corridor with native trees (conifers and 
cottonwoods) to provide a future source of naturally recruited large wood to the river. 
This alternative would require ongoing maintenance in the form of periodic additions 
of wood because natural wood supply and transport processes would not be restored 
for 80 to 150 years. 

Recommended Plan 
Alternative No. 1 (no action) was rejected because it does not achieve goals to restore 
processes of LWD supply and transport in the Green River. This alternative would, 
perpetuate existing low levels of LWD, channel simplicity, and degraded sahnonid 
habitat. 

Alternative No. 2 (remove the Howard Hanson Dam to restore natural LWD recruitment 
and transport) was rejected because current use of the Howard Hanson Dam for flood 
control in the lower Green-Duwamish River Valley, and for summer storage for the 
Tacoma water supply system, makes it unlikely that proposals to remove the dam would 
be successful. Because this alternative provides the best opportunity to restore LWD 
supply and transport with no need for continued maintenance, and the only opportunity 
for true ecosystem restoration of these processes, it is recommended that these alternative 
plans for Green River restoration be evaluated over the long-term, 

Alternative No. 3 (create landslides on riverbanks downstream of Howard Hanson Dam 
to provide sources of wood to the river) was rejected because it is unlikely that landslides 
would provide enough material to restore wood supplies, especially over time. More 
analysis would be needed to determine whether the local geology is prone to landsliding. 
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Potential negative effects of artificially initiated landslides would also need to be 
evaluated. This alternative warrants further consideration because it provides a supply of 
wood through the natural process of landsliding, which is an opportunity to accomplish 
ecosystem process restoration within the constraint of retaining the Howard Hanson Dam. 

Alternative No. 4 (add large wood to the mainstem river to encourage formation of 
logjams) was selected because it provides the best opportunity to accomplish project 
goals within the constraint of retaining the Howard Hanson Dam. As described above, 
this alternative will place large wood as unanchored “key members” in the mainstem river 
to provide the basis for formation of specific logjam types, as described in Perkins 
(1999). Additional wood would be added to the river channel to be transported by exist- 
ing river hydraulics to create logjams against key members and in other locations where 
existing channel gradient and morphology allow. “Engineered logjams” would only be 
constructed in locations where there is an immediate need to protect property or ensure 
human safety threatened by river migration. 

Although this alternative does not restore natural processes of wood supply and transport, 
it does supply wood of appropriate sizes, and in locations that will allow for the forma- 
tion of debris jams similar to those that would have formed under natural conditions. 
Perkins (1999) identifies suitable wood densities of 0.5 MJ and 4 BAJs per kilometer 
(km) of the Green River, which yield logjam spacings of 6,500 feet for MJs and 800 feet 
for BAJs. Perkins (1999) also identifies a wood diameter of 2.8 to 3.6 feet as suitable for 
key members in unconstrained reaches of the Green River. Unconstrained reaches of 
river are most suitable for wood placement because high flow velocities and deep water 
in constrained reaches, such as the Green River Gorge, typically transport wood. Also 
jams will have least effect on flood elevations in unconstrained reaches. Reaches of the 
Green River that’perkins (1999) identified as most suitable for wood placement within 
her study area (Auburn to Palmer) are presented in Appendix A. Potential wood 
placement sites identified from aerial photographs are also included in the current report; 
some of these sites are within the Green River Gorge or other confined or partly confined 
channel reaches. Potential sites between Palmer and the Tacoma Public Utilities Pipeline 
intake area are included as well. Specifically, LWD placement should consider 
alternative locations, where flow conveyance is not hydraulically effective (i.e., inside 
sharp bends, downstream of contractions, etc.) and flood control functions, potentially, 
are minimally effected. Other alternative locations include portions of the bank that are a 
given height above the channel bottom or freeboard areas. 
In general, a significant analysis of flood elevations must be completed prior to 
construction. 
Also prior to construction, a h&h analysis of actual existing wood structures would be 
completed to determine the Manning n of these proposed in river structures. The 
proposed LWD design, according to design experience of 11 sites-already in place on 
other river systems, will minimize the loss of large wood from the structures. 

A total of 5 1 potential BAJ sites and 22 potential MJ sites were identified, yielding 
overall logjam densities of 1.13 BAJ/km and 0.49 MJIkm (Table 1 and plans). Potential 
BAJ sites are at the upstream end of existing gravel bars, and potential MJ sites are on the 

114 



outside of meander bends; no sites requiring stabilization by engineered logjams were 
identified. The sites identified on the plans are preliminary; further analysis may result in 
the elimination of some sites because of concerns over boater safety, flooding, or 
potential channel migration that may threaten nearby structures or cause landslides by 
deff ection flow into unstable cliffs. 
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Table 1. Proposed wood numbers. and densities in three potential project reaches of the 
Green River. BAJ = bar apex jams, MJ = meander jams. Reach locations and wood 
densities are preliminary and approximate. Appropriate logjam densities for unconfined 
reaches of the Green River are 0.5 MJ/km and 4 BAJ/km (Perkins 1999). 

Although most of the densities presented in Table 1 are less than those suggested by 
Perkins (1999) for unconstrained reaches of the Green River, because of the lack of good 
LWD sites, they provide a good start and allow for future wood additions to achieve 
better densities. 

Aitemative No. 4 would req-uire ongoing maintenance in the form of periodic additions of 
wood because natural wood supply, and transport processes would not be restored as long 
as Howard Hanson Dam is in place. Future wood additions will be transported by 
existing flow hydraulics, forming logjams against placed key members, and in other loca- 
tions where existing channel gradient and morphology allow. Perkins (1999) identified 
two potential wood-delivery locations: Flaming Geyser State Park, and downstream of 
existing large logjams such as the MJ at river mile 38.8. Wood collected in the Howard 
Hanson Reservoir may provide a source of wood for periodic wood additions. Conifer 
and cottonwood underplantings will provide a future source of naturally recruited LWD. 
This alternative also allows for potential flow release alterations at Howard Hanson Dam, 
which may encourage restoration of pre-dam LWD transport processes. 

Cost Items and Quantities 
Construction line items and quantities are listed in the MCACES portion of the attached 
engineering appendix. 

Each BAJ requires placement of one or two key members, and each MJ requires 
placement of two or three key members, resulting in a total of about 150 key members. 
The appropriate size for key members in the Green River is 2.8- to 3.6-foot-diameter log 
boles with a 3.5- to 4.5-foot-diameter attached rootwad, 35 to 47 feet long (Perkins 
1999). Appropriate species include black cottonwood (Populus trichocnrpa), Western 
red cedar (Thuja plicatcz), Douglas fir (Pseu&stuga menziesii), and other native conifers 
such as western hemlock (Tsuga heterophyZZa) and Sitka spruce (Picea sitchensis). 
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Racked members are smaller pieces of wood, with or without rootwads, of the species 
listed above and also of native deciduous species such as red alder (Alnus rubra) and big- 
leaf maple (Acer macrophyllum). The number of racked members on each logjam varies 
widely with wood supply and flow velocities. Assuming 3 to 10 racked members for 
BAJs and 10 to 50 racked members for MJs yields a total of about 800 racked members. 
This wood may be added over a period of time at the different wood-delivery sites. 

Conclusions and Recommendations 
Conduct a detailed field reconnaissance of the potential BAJ, MJ, and wood-seeding sites 
to determine whether they are suitable, especially those located in confined or partly 
confined river reaches. Evaluate potential for altering flow regulation at Howard Hanson 
Dam to restore higher flows to transport wood. Proceed with detailed planning and 
design, including risk assessment for any nearby structures and a monitoring program for 
adaptive wood placement over time. Coordinate with Mainstem Green River Gravel and 
Upper Green River Side Channels LWD and Gravel projects, and Tacoma Water 
restoration efforts. Prior to construction, conduct a detailed geomorphological, 
geotechnical, and h&h analysis to assess potential impacts of the introduced LWD. 
Construct several prototype projects on county owned land and observe them over one or 
two seasons prior to construction of LWD on other sites along the river 

References 
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Appendix A. Recommended debris jam placement methods by river location. From: 
Perkins, S.J. 1999. Geomorphic feasibility report for large woody debris placement in 
the middle Green River, WA. Report prepared for Jones and Stokes Associates, Inc., 
Bellevue, WA. 
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SITE NO. 33 

GREEN-DUWAMISH RIVER ECOSYSTEM RESTORATION FEASIBILITY 
STUDY 

PROJECT DESCRIPTION AND -WRiTE-UP 

Site Designation: Green River Gravel Replenishment 

Location 
This project includes work along a substantial length of the Green River, starting at the 
City of Tacoma water supply intake at approximately RM (River Mile) 6 1, and extending 
downstream to the vicinity of Flaming Geyser State Park, in the vicinity of RM 45. 

Site Constraints/Problems 
Howard Hanson Dam, constructed in 196 1, has blocked passage of bedload sediment 
from the upper Green River Basin to the channel downstream of the darn. In 1999, 
Perkins Geosciences prepared a report entitled “Geomorphic Evaluation of Gravel 
Placement in the Green River, Washington,” which addressed remedial gravel placement 
below’ the dam. Information from this report provides most of the background informa- 
tion for the present project proposal. Measurements oftlie sediment accumulation in 
Howard Hanson Reservoir suggest that the average annual sediment inflow from the 
upper basin is 9,000 to 15,000 tons per year. Immediately below the dam, the river has 
the capacity to transport bedload sediment, but has no upstream sediment supply. As a 
result, the river has a tendency to scour the channel bed downstream of the dam. The 
consequences of this process are clear in the channel reach immediately below the dam. 
Finer particle sizes have been preferentially removed, leaving the existing channel paved 
with sediment, which is much coarser than the pre-dam streambed. 

This effect is clear starting at the dam (RM 64.5), down to the upper end of the Green 
River Gorge (at approximately RM 58). Because of the inaccessibility of the Gorge, the 
extent of bed coarsening in this reach is difficult to assess. Observations from other 
dammed rivers suggest that the sediment depletion extends downstream as a “coarsening 
front.” Perkins (1999) estimated that this fi-ont is likely to be moving at a rate of between 
.39 and .76 miles per year. Given 38 years since closure of the dam, this would place the 
coarsening front somewhere between the State Route (SR) 169 Bridge and a point well 
below Flaming Geyser State Park. Currently, there is no clear evidence of bed degrada- 
tion or coarsening at or below Flaming Geyser. Perkins (1999) suggests that this may in 
part be due to anomalously high landslide activity in the gorge during the 1990s. If no 
remedial action is taken, the existing zone of sediment depletion will persist and continue 
to move downstream, probably as far as the City of Auburn, and possibly farther. 

The primary concern with this sediment deficiency is its impact on fisheries habitat. As 
the bed becomes coarser, areas of gravel that had been suitable spawning sites become 
cobble-dominated and no longer useful for spawning sites. Of particular note is the 
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presence of a significant run of (endangered) chinook salmon in the Green River. These 
fish historically have spawned in the mainstem of the Green River. An area of special 
concern is the river channel in the vicinity of the Metzler/O’Grady County Park (RM 40). 
This area is well suited to and heavily used by chinook salmon for spawning. Bed 
coarsening in this area could render the substrate unsuitable for spawning, thereby 
decreasing or eliminating use of this area by chinook. Also if gravel supply drops in the 
Metzler/ O’Grady reach there would be a wholesale change in morphology: channel 
migration would stop, side channels would no longer be formed and maintained, and the 
main channel would narrow and deepen. 

Project Goal 
The goal of this project is to stop further fisheries habitat degradation and to restore areas 
currently degraded as a result of the bedload blockage at the Howard Hanson Reservoir. 

Proposed Solutions 
The following six alternative approaches were considered to mitigate for bedload, which 
has been and is being trapped behind the Howard Hanson Dam: 

Alternative No. 1 - No action: No modifications would be made to existing 
conditions. Those areas of the Green River that are currently degraded as a result of 
elimination of bedload sediment supply from the upper watershed would either 
remain as they are or degrade further. The zone of bed scour and substrate coarsening 
would expand downstream, degrading additional areas now heavily used by spawning 
salmon. 

Alternative No. 2 - Remove the Howard Hanson Dam to restore natural sediment 
recruitment and transport in the Green River. Natural sediment supply fi-om the upper 
watershed would be reestablished. Bedload sediment would again move through the 
present reservoir area and supply the channel downstream. The existing zone of 
sediment depletion would persist for decades and continue to move downstream. 

Alternative No. 3 -,Tnitiate a program of annual gravel placement in the channel 
reach immediately below the City of Tacoma Water Supply Intake (RM 61). The 
quantity of gravel placed would be approximately equal to the bedload deposited 
annually in the Howard Hanson Reservoir (approximately 12,000 tons per year, 
[Perkins, 19991). With.respect to the downstream system, this alternative would be 
generally comparable to removal of the dam. Bedload supply would be reestablished, 
the scoured portion of the channel would begin to aggrade, and the bed texture of the 
scoured section would become finer. These changes would move progressively 
downstream from the site of gravel introduction, at approximately the same rate at 
which the depletion front moved downstream (0.39 to 0.76 miles per year [Perkins, 
19991). The existing zone of sediment depletion would persist for decades and 
continue to move downstream. 

Alternative No. 4 - Distribute gravel through the zone of existing sediment depletion. 
This gravel would be intended to make up the deficit resulting from 38 years of 
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operation of Howard Hanson Dam. The total deficit over this period of time would 
be 456,000 tons, assuming the average annual bedload discharge at the dam site 
would have been 12,000 tons per year. This amount could be decreased by 
84,000 tons because the deficit between the dam and the Tacoma Water Supply 
Intake would not be made up. It can be reduced by an additional 100,000 tons to 
account for the high sediment supply during the 1990s from unusuaily active 
landsliding (Perkins, 1999). The net gravel quantity required to make up the 
sediment deficiency in the project reach is 272,000 tons. 

Gravel would be placed between the City of Tacoma Water Supply headwork’s 
(RM 60.4) and Flaming Geyser Bridge (RM 43). No gravel placement is 
recommended below Flaming Geyser Park because there is no clear indication of 
gravel deficiency below the Park at this time (Perkins, 1999). Placement of gravel 
below the area of existing scour would initiate a downstream pulse of excess sedi- 
ment transport, which could cause channel instability and degrade instream habitat 
without in any way mitigating for the sediment deficiency upstream. In order to 
disperse this grax,J QC p~~pnlv 2~ nnc&lF! it would be necessary to place the gravel at .“A U” Y. “IUJ U” r-‘“‘u’-, *- 
multiple locations throughout the zone o$ depletion. Because of the large volume of 
gravel involved (272,000 tons is approximately 160,000 cubic yards), placement 
should occur incrementally over a number of years, in order to avoid significantly 
obstructing the channel at the placement sites. 

. Alternative No. 5 - Combine Alternatives Nos. 3 and 4 above to address both the 
ongoing sediment replenishment of bedload at the dam and gravel replacement in the 
depleted zone downstream fi-om the dam. 

Recommended Plan 
Alternative No. 1, no action, was rejected because it does not achieve goals of stopping 
further degradation of the system, or of enhancing areas already degraded by sediment 
starvation. 

Alternative No. 2, removal of Howard Hanson Darn, was rejected for the present 
project because of the current function of the dam for flood control in the lower Green- 
Duwamish River’ Valley and for summer storage for the Tacoma water supply. This 
option would also require dealing with discharge of the sediment currently stored in the 
reservoir. Removal of the dam would restore sediment supply and transport through the 
project reach, with no need for continued maintenance. It would allow for access by 
anadromous fish to the upper Green River watershed. This possibility should be 
considered in long-range planning for the Green River system. 

Alternative No. 3, placement of sediment immediately below Howard Hanson Dam, was 
rejected because it did not prevent degradation of highly productive spawning areas 
downstream from the Green River Gorge. Although this method would ultimately 
address sediment starvation issues, it would take decades before the current sediment 
deficiency would be resolved. 
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Alternative No. 4, placement of gravel throughout the area of sediment deficiency, was 
rejected because, although it would address the present sediment deficit, it would do 
nothing to prevent this circumstance from reoccurring, because there would be no on- 
going sediment supply from upstream. 

Alternative No. 5, initiation of a regular sediment replenishment program, combined with 
replacement of gravel deficit in the zone of sediment depletion, was selected. This 
alternative meets all of the specified project goals. 

Project Logistics 
Sources of Gravel 
Gravel for replenishment is potentially available from several sources in the project 
vicinity. At least five commercial gravel pits are located in general proximity to the 
Green River in the project area. The locations of several of these pits are shown on the 
attached plans. These uB m aeposrts ot Quaternary outwash 
gravels deposited by the rivers during the last glaciation. 

Another possible source of gravel for replenishment would be sediment dredged from the 
delta at the upstream end of the Howard Hanson Reservoir. This is, of course, the 
sediment that (were it not for the dam) would be carried downstream and maintain a 
natural sediment supply to the lower river. Utilizing this gravel source could have 
several benefits to the project. The gravel would presumably be available at no cost 
(although there would be costs associated with its excavation). Removal of this sediment 
would reduce the rate in filling of the reservoir. 

Gravel Placement Techniaues 
There are several feasible methods for placement of gravel into the river channel. These 
various techniques are appropriate at different locations, depending on the conditions at 
the placement site. To distribute gravel throughout the area of existing deficiency, it will 
be necessary to use several of these techniques. These various techniques are described 
below. The various placement locations, along with the suggested placement technique, 
are shown on the attached plans. 

Gravel Placement by Crane 
This option is feasible where wheeled construction equipment can work in close 
proximity (approximately 25 feet) of the riverbank. Either a mobile hydraulic crane 
or a track-mounted lattice boom crane could be used for this work. Cranes of both 
types, with appropriate reach and load capacity, are adable locally. 

Gravel Placement by Skyline 
This method would be appropriate in the gorge where it is possible for construction 
equipment to gain access to the top edge of the gorge. A logging tower could be set 
up at that point with a cable extending across the ravine to an anchor point on the 
opposite side. (Vehicular access is not generally necessary to the anchor point.) A 
bucket, suspended from the skyline, can then be loaded at the tower location and 
placed at any location below the cabie. In some cases, it may be possible and 
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Figure 1. 
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Additional Work 
A number of tasks should be included in any plan to further develop and refine this 
project: 

n Field evaluation qfplacement sites. The six placement sites proposed for this project 
were selected based on review of maps and aerial photography. The suitability of 
these sites needs to be verified by field investigations, if possible, in consultation with 
appropriate contractors. There appear to be a substantial number of alternative 
placement sites if any of the proposed sites are not acceptable. 

. Safety planning. The proposed project involves several public safety issues that will 
need to be addressed. These include hazards to low-flying aircraft from skyline 
cables suspended across the gorge, and hazards to boaters and other users traveling 
down or along the river during project work. 

n Rephcement volumes. The current proposal is to replace all of the bedload sediment 
trapped by the dam during its operation, and to continue to replace the annual bedload 
discharge that would be supplied if the dam were not present. Because of the large 
volume of sediment required by this approach, it would be appropriate to investigate 
the geomorphic and biological impacts of replacing only a portion of the natural 
bedload. We also need to focus replacement efforts on reaches that have potential for 
significant morphological changes that wctiid iead to increased habitat. We need to 
concentrate on placing gravel upstream of reaches where an increase in spawning 
areas would occur. 

n Additiona gravel replacement Criteria. Some upstream areas indicate material 
already available in quantities sufficient for supply to downstream reaches, should the 
river be capable of carrying it. Hence, existing gravel in the river should be 
investigated -qualified and quantified- and its effect on downstream spawning ” 
determined. This information will contribute to the analysis in determining how 
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much and where gravel should be placed. Also we need to look at gravel that is now 
available and look at spawning surveys over the last 38 years to see how it has 
changed. 

n Determine appropriate texture for gravelplacement. It will be necessary to 
determine the texture ofthe gravel appropriate for use in a replenishment project. 
This should include consideration of the texture of the pre-dam riverbed, of the 
mobility of the placed gravel under the current flow regime, and of the texture most 
useful for mainstem spawning. This investigation should also assess the level of fines 
appropriate for placement in the streambed. This will determine whether use of 
washed rock is necessary. Based on the fact that the natural sediment load includes 
both course and fine sediments, and that both are removed in the reservoir, it seems 
reasonable to suggest that a moderate percentage of fines would be acceptable, and 
would most closely simulate natural processes, 

. Develop a plan to monitor the effects of theproject. The plan should address how the 
effects of the project will be monitored, and how the results of that monitoring will be 
used to refine future project work. Monitoring could include: 

m Establishing or reoccupying cross sections and monitoring changes. 
I Conducting gravel tracing using either magnetically or radio-marked 

clasts. 
. Obtaining annual, low-level aerial, stereo photography and evalluating 

changes in the extent and texture of gravel bars, as well as the extent of bedrock 
and large boulders exposed in the channel. 

m Deternzine when and how toplace gravel. Contact resource and regulatory agencies 
and determine the appropriate season for gravel placement. This should include 
considerations of the life stage and seasonal habits of affected species, anticipated 
discharge and water quality, and conformity to natural conditions. This process 
should also address the preferred location for gravel placement: in or out of the low 
flow channel. 

. Refine volume and velocity estimates by Perkins (1999). This could include 
conducting a landslide inventory through the project reach and conducting gravel 
tracing as mentioned above. A geomorphological study would also be conduced as 
part of this analysis. 

. EvaZuate backwater impacts. Each placement site should be evaluated to determine 
the extent to which the gravel placement will cause a backwater condition. The 
effects of anticipated backwater conditions on channel morphology, stream habitat, 
and public and private property should be considered. 

9 Develop a Hec 6 Model. Develop a Hec 6 computer model and a detailed monitoring 
plan to help evaluate gravel movement and determine the effects of gravel placement, 
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on river dynamics over the entire reach through time. Also, utilize this model to 
determine annual amounts of gravel necessary. 
The model will be developed on a reach to reach basis to fully investigate and 
incorporate variations in sediment transport. This action will address specific 
circumstances such as Reach 6, which appears to span a grade control and differ 
significantly in transport potential from surrounding reaches. 

Cost Items and Quantities. 
Construction line items and quantities are shown in the MCACES portion of the attached 
engineering appendix. 

Conclusions and Recommendations 
A gravel replacement project on the Green River offers the opportunity to both remediate 
for a significant past impact of Howard Hanson Dam and to prevent that impact from 
growing in the future. The project can be conducted in a manner that closely replicates 
natural stream processes. A variety of construction methods are available that could 
minimize construction disturbance and construction impacts. This project has the 
potential to significantly protect and enhance the important fisheries resource in the 
Green River. 
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SITE NO. 34 

GREEN-DUWAMISH RIVER ECOSYSTEM RESTORATION 
FEASIBILITY STUDY 

PROJECT DESCRIPTION AND WRITE-UP 

Site Designation: Flaming Geyser Slide 

Location 
The slide is located on the south side of the Green River at approximately RM 43 just 
downstream of Flaming Geyser Park. The slide has been very active in the last several 
years and has been responsible for placing a large amount of fine sediment in the river for 
a considerable distance downstream of the slide area. 

Site Constraints/Problems 
The slide has been mentioned as a cause of lack of spawning and spawning success in 
this area of the river. This disturbance in conjunction with downstream development and 
construction of the Tacoma Diversion works and Howard Hanson Dam severely limit 
mainstream and upstream spawning opportunities. Studies are being conducted by both 
King County and the Muckleshoot Tribe on the cause of the active slide and its effect on 
the river fishery. Most parties agree that when this slide is very active it has a significant 
effect on the downstream fishery. Land practices of clearing for agricultural purposes 
may have caused an increase in water infiltration and increased the potential and severity 
of the slide. Currently the slide has a face that is several thousand feet long and 
approximately 300 feet high and in any given year can place thousands of cubic yards of 
fine material in the Green River. 

The major effect of fine sediment in this reach of the river is on Chinook spawning and 
rearing. The fine sediments choke the spawning gravel and significantly reduce the flow 
of water and oxygen getting to the salmon eggs. The fine sediment can also have an 
effect on the f?y by effecting their gills. 

The source of the instability causing the slide to continue to provide fine material to the 
river is twofold. First there is a source of groundwater that flows from the slide face. 
The other source is the river cutting the slide material at the toe of the slide. The 
combination of both of these sources causes the current instability. Determining which 
source is most significant will be investigated during the pre construction phase of this 
project. 
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Project Goals 
The basic goal of this project is to eliminate a large source of fine sediment from this 
reach of the river. A second goal is to improve the downstream spawning success and 
juvenile habitat for Salmonids. 

Prsposed Soliitiions 
Three alternatives have been considered for the Flaming Geyser Slide project: 

Alternative No. 1 -No action: Under this alternative, the project goals of eliminating a 
significant source of fine sediment in the reach downstream of the Flaming Geyser Slide 
would not be addressed. 

Alternative No. 2 - Remove the source of fine sediment by the construction of a channel 
that would move the river Corn the toe of the existing slide to eliminate the source of fine 
sediment. 

Alternative No. 3 - Deploy a series of drains upstream of the existing slide face to help 
eliminate the majority of the water that is ca-using instabilityy on the slide face. 
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Recommended Plan 
Alternative No. 1, no action, was rejected since it would not eliminate tine sediment in 
the river downstream of the slide source. 

Alternative No. 2, to construct a channel to divert the main channel from the slide toe, is 
the recommended alternative. It provides action that, based on current investigations, 
shows the best chance to eliminate the source of fine material to the river downstream of 
the existing slide. This alternative is shown on the attached drawing. 

Alternative No. 3, will not completely eliminate the source of fines to the river and does 
not address the most significant cause of instability of the slide face. Therefore this 
alternative was not selected. In preconstruction studies we may find out that some 
drainage alternatives may be justified as part of alternative 2. 

Cost Items and Quantities . . . . . 
~on~~~p0~~~~~---- 
Engineering Appendix. 

Conclusions and Recommendations 
Proceed with planning, design, and construction of Alternative No. 2. Conduct a 
complete h&h, geotechnical and channel analysis prior to construction. Design analyses 
and considerations should include the following: perform a hydraulic model of the Green 
River upstream and downstream of the slide area; input channel geometric changes 
anticipated from this alternative into the hydraulic model to analyze potential impacts; 
and conduct geotechnical studies on the slide area to insure that the selected alternative 
will stabilize the slide and not just postpone its taking over the new channel area. Studies 
need to look at the new channels effects on possible downcutting upstream, in, and 
downstream of the new proposed channel that would reduce the length of this section of 
the river be 50%. Other channel alignments need to be investigated. During the feasibility 
study, geomorphological studies were conducted on this site and more detailed studies 
are recommended prior to construction. Also, studies will be completed on the actual 
effect of the slide on downstream spawning. Experts currently believe that this effect is 
significant, however, studies will provide further confirmation. 
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SITE NO. 35 

Green-Duwamish G.I. Ecosystem Restoration Feasibility Study 
Project Description and Write-up 

Site Designation: FIaming Geyser Side Channel 

Location 
The location of the proposed 2100ft long side channel is on a gravel terrace just 
downstream of an existing wall-based side channel within the Green River floodplain. 
The channel would originate at the existing wall-based side channel and enter the Green 
River approximately 19OOft downstream at river mile 44. 

Site Constraints/Problems 
Thetimaf the Howard Hanson Dam and the construction of numerous levees 
have combined to reduce the historical transport rates of sediment, channel migration 
across the Green River floodway, and the inundation of a significant portion of its 
floodplain. The construction of these levees and revetments, and the controlled flow 
release of the dam, has contributed to the river’s inability to carve (or even flood) some 
side channels. This channel reduction has significantly reduced the amount of rearing 
habitat available to almost all fish species making existing stream side channels critical 
habitat. 

The fisheries resources of the existing side channel include coho salmon (Oncorhynchus 
kisutch) and anadromous and resident cutthroat trout (0. clarki clarki). The pre-disturbed 
Lower Green River supported a much larger population of spawning and juvenile salmon 
-due to the annual scouring of the small wall tributaries and side channels before 
construction of the Howard Hanson Dam. Many side channel areas were cleared of most 
trees, destroying wetland connections, which provided deep rearing pools and critical 
habitat for salmonids. The existing wall-based channel, upstream of the proposed 
channel, has many of the attributes that will be modeled for the proposed channel 
including good riparian growth, pool ripple configuration, and wood content. 

In summary, there is a critical need for more productive side channels within the Green 
River system. Healthy riparian growth, pool ripple habitat, large woody debris (LWD), 
backwater pools and other habitat features are essential for juvenile fish. 

Project Goals 
The primary goal of the project is to construct additional side channel habitat within the 
Green River system in order to allow natural ecosystem processes to be re-established in 
the side channel riparian corridor. Other project goals include creating a natural 
environment to enhance salmonid rearing within the side channel and creating refuge 
wetland habitat. 

Proposed Solutions 
m Alternative No. 1 - No action to enhance the existing stream system. 
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a Alternative No. 2 - Construct a 2100ft long side channel which would utilize an 
existing side channel as a source of flow and then enter the Green River on the 
downstream end. This channel would require native vegetation that would include 
the planting of Sitka spruce, Western red cedar, black cottonwood, bitter cherry, and 
cascara. Enhance existing plants, upstream of the channel. Remove exotic plant 
invasives. Protect stream buffer areas and encourage the establishment of a lOO-foot- 
wide riparian buffer. Restore and create connections to off-channel habitats for 
salmonids. 

. Alternative No. 3 - Place LWD within the new side channel. 

RecoEmeuded Plan 
Alternative No. 1 - No action was rejected since the need for additional good to excellent 
site channels is considered critical in the Green River. 

Alternative No. 2 - The recommended alternative. Enhance the side channel corridor by 
establishing a coniferous native plant community within a stream buffer. A riparian 
corridor with a buffer width of 100 feet for each bank is recommended. A coniferous tree 
cover is necessary for shade, cover, and insect production utilized by salmonids, and that 
provides an eventual in-stream LWD and structural complexity necessary for successful 
coho and cutthroat spawning and reproduction. The planting of conifers, such as native 
Sitka spruce and Western red cedar, and a native plant understory, would create shade 
and structural diversity in the stream riparian corridor and adjacent wetlands. Specifics 
include: provide plantings and acquire a lOO-ft buffer on both sides of the proposed 
channel from the State of Washington, from the existing side channel to its connection 
with the Green River, 19OOft downstream. 

Alternative No. 3 - Place LWD in the channel. This action will follow the stabilization 
of sediment input and the establishment of a coniferous riparian cover along the proposed 
new side channel. 

Cost Items and.Quantities 
Construction items and quantities are shown in the MCACES portion of the attached 
engineering appendix. The table has been developed as a standard to be used for all of 
the sites. Those line items not applicable are left blank in the table. Quantities were 
calculated based on the information obtained by a King County Department of Natural 
Resources site visit and from mapping. Property easement acquisition would be 
necessary. 

Conclusions and Recommendations 
We recommend the construction of a 21OOft side channel with adequate plantings and in- 
stream diversity including LWD, that will address current shortages of critical habitat in 
the Green River System. The restoration of channel function with native plant riparian 
communities, including the placement of spruce and cedar, would reduce forest 
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fragmentation within the channel and improve shading and structural diversity. A 
complete h&h analysis will be conducted prior to construction. 

SITE NO. 36 

GREEN-DUWAMISH RIVER ECOSYSTEM RESTORATION FEASIBILITY 
STUDY 

PROJECT DESCRIPTION AND WRITE-UP 

Site Designation: Newaukum Creek 

Location 
Newaukum Creek (WRIA 09.0014) is one of two major tributaries flowing into the 
middle reach of the Green River and is located in southeast King County, east of Auburn, 
Wasbnngton, The Newaukum Creek watershed is comprised of a 27.4-square-mile drainage 
area. The mainstem of Newaukum Creek is 14.3 river miles long, and can be divided into 
three distinct sections: the upper headwater 5-mile section, the middle 6-mile section that 
meanders through plateau farmland near Enurnclaw, Washington, and the lower 3-mile 
section that descends through a steep-walled ravine from the plateau to the’ Green River at 
river mile 40. 

Site Constraints/Problems 
SaZmonid Habitat Conditions. The lower 4 miles of the Newaukum Creek system are 
poor in instream large woody debris (LWD) content, and the lack of conifers in the 
riparian buffer in the lower study reach indicates that the riparian zone has been severely 
altered by logging activities. The active removal of LWD over the past 50 years, coupled 
with the loss of the coniferous riparian buffer and associated potential recruitment of 
large trees/key pieces of wood with rootwads, have impacted natural stream-process 
formation and channel morphology, and ultimately sahnonid species composition. There 
were minimal conifers in the LWD complexes; hardwoods (alder and big-leaf maple) 
were dominant. 

Current LWD amounts within the Newaukum Creek study area below the bridge are low, 
about five pieces/100 meters of stream. By comparison, although there is considerable 
variability among watersheds along the Washington-British Columbia Coast, for 
example, an average of 80 cubic meters of LWD/lOO meters is typically found in 
unlogged tributaries with less than a 2 percent gradient and less than an g-square- 
kilometer watershed (Slaney and Zaldokas, 1997). Fish use in the lower reach is greatly 
limited by the lack of LWD, and large, slow, deep-water habitats most typically 
associated with large damrned or backwater pools. 
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The 3-mile section of Newaukum Creek above the Whitney Hill Bridge has more 
boulder/LWD complexes than below, but the LWD representation is still far below the 
amount found in a normal unlogged watershed. Likewise, this same section is poor in 
conifers within the stream buffer (dominated by alder and big-leaf maple). 
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H4etZand Conditions. Historically, the forested wetlands and uplands of the Newaukum 
Creek subbasin created a complex network of side channels that provided habitat 
diversity for salmonids and other wildlife species. Logging, then agricultural develop- 
ment that included extensive channeling, ditching, filling, and livestock grazing of 
wetlands on the plateau, has reduced the water quality of the stream and flow attenuation 
functions. Riparian wetlands have been cleared and severely altered, including the 
removal of coniferous native vegetation. Clearing of the riparian buffer, grading, and 
li,vestock access to Newaukum Creek, source tributaries, and source wetlands has resulted 
in bank erosion, siltation, and degraded water quality (King County Basin Reconnais- 
sance 1990). Those impacts have, in turn, severely reduced the amount and diversity of 
forested wetlands, encouraged the colonization of invasive non-native plants, and 
changed the processes that affect streambed channel morphology. These impacts have 
affected both stream and wetland habitat that once provided good rearing habitat for both 
resident and juvenile anadromous salmonids. 

Project Goals 
The project goal is to restore process-based ecological functions that include addressing 
wetland attenuation and wetland native plant diversity on the Enumclaw plateau. T&s 
includes reclaiming wetland areas for additional flow attenuation and planting wetlands 
with native plants to increase functions/values of wetland and stream connections. A 
secondary goal is to provide additional key LWD pieces within the mid-lower sections of 
Newaukum Creek channel to promote formation of instream habitat complexity. LWD 
should form new logjams that will create additional pools, side channels, and juvenile 
salmonid refuge. 

Proposed Solutions 
m Alternative No. 1 - No action to enhance the existing stream or plateau wetland 

systems. 

n Alternative No. 2 - Enhance and expand the degraded plateau wetlands adjacent to 
Newaukum Creek by constructing wetlands and removing invasives and planting with 
native vegetation, which will provide structural diversity for the wetlands and 
increase flow attenuation. Enhance and expand the riparian buffer of the plateau 
section of Newaukum Creek with an expanded 200-foot buffer. Protect stream buffer 
areas to exclude livestock through fencing. Restore and create connections to off- 
channel wetland habitats for sahnonids. 

. Alternative No. 3 - Reconnect the historic (Plemmons Meanders) side channel at 
1,300 feet upstream from the mouth of Newaukum Creek. Install wood and boulder 
debris jams from the mouth, upstream to the Whitney Hill Bridge (approximately 
one mile). 

. Alternative No. 4 - Helicopter LWD into key positions within NevGaukum Creek 
fi-om Whitney Hill Bridge 3 miles upstream. 
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Recommended Plan 
Alternative No. 1 - No action was rejected since Newaukurn Creek continues to be a 
source of spawning and rearing habitat available for salmonids and does not accomplish 
the goal of restoration. 

Alternative No. 2 - Enhancement and expansion of the degraded plateau wetlands and 
enhancement/expansion of the riparian buffer is recommended as the first phase of an 
ecosystem-based approach to help attenuate high winter flow discharges from the plateau. 
Enhancement will be facilitated through planting existing plateau wetlands and the 
Newaukum Creek riparian 200-foot-wide buffer (plateau area) and fencing off access to 
livestock. Native vegetation tree cover provides shade, cover, insect production utilized 
by sahnonids, and eventual instream LWD and structural complexity necessary for 
potential successful sahnonid spawning and reproduction, The planting of conifers such 
as native Sitka spruce and Western red cedar would create shade and structural diversity 
in stream riparian corridor and adjacent wetlands. Expansion can occur through a 
combination of reclamation and constructed wetlands. Specific details include: 

Reach 1. 

Reach 2. 

Reach 3. 

Reach 4. 

Reach 5. 

Starting at 244th Avenue Southeast, first 1,600 feet (upstream) east, 
acquire lOO-foot easements on both sides of stream, planting and fencing 
both sides. End at 248th Avenue Southeast. 

At 248th Avenue Southeast, 4,400 feet (upstream) east along Newaukum 
Creek, acquire 50- to lOO-foot easements where appropriate on both 
sides, fencing and planting both sides. 

North of Southeast 424th Street, 3,300 feet of streambank, acquire 
1 00-foot easements on both sides, fencing and planting both sides. End 
at 264th Avenue Southeast. 

From 264th Avenue Southeast to the east, acquire 200 feet of lOO-foot 
buffer easement on both sides and provide planting and fencing. 

Beginning at 200 feet east of 264th Avenue Southeast, acquire 1,560 feet 
of lOO-foot buffer easement on the left bank. Fence and plant buffer area 
with native vegetation. On the right bank, purchase the north half of 
property to 268th Avenue Southeast and plant the lOO-foot riparian 
corridor. For the next 1,400 feet upstream, pursue full acquisition of the 
property and demolish structures. Partial acquisition alternative; 
Acquire all but the portion of the property that has a structure (approxi- 
mately 600 feet starting from 268th Avenue Southeast). Acquire a 
IOO-foot buffer easement and fence and plant both sides of the creek to 
establish the riparian corridor within the 600-foot length in the vicinity 
of the structure. For the next 2,500 feet upstream, acquire a lOO-foot 
buffer easement on both sides and plant and fence to the intersection of 
278th Avenue Southeast and Southeast 416th Street. 
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Reach 6. From’Southeast 416th Street and 278th Avenue Southeast, upstream 
along 3,100 feet of Newaukum Creek in the headwaters, acquire a 
1 00-foot easement on both sides and provide planting and fencing. 

Alternative Nos. 3 and 4 - It is recommended these two alternatives be phased (as 
Phase 2) after Alternative No. 2 is completed. It is recommended that reconnecting the 
historic side channel and placing LWD in the lower 4 miles be phased after the imple- 
mentation of Alternative No. 2. High peak winter flows continue to over-scour and 
destroy salmon redds in the lower reaches of the system. Because of the hydrologic 
problems on the plateau due to impacts from development, high flow regimes will affect 
the survival of Alternative Nos. 3 and 4 on the lower 4 miles of Newaukum Creek. High 
flows greater than 700 cubic feet per second will Fontinue to transport large amounts of 
sediment, severely scour the streambed within the middle-lower reaches, and move LWD 
out of the system. 

Cost Items and Quantities 
Construction items and quantities are shown in the MCACES portion of the attached 
engineering appendix. Those line items not applicable are left blank in the table. 
Quantities were calculated based on the information obtained by a King County 
Department of Natural Resources site visit and from mapping. Given the extent of 
survey, geotechnical, and hydraulic information available at this time, a 49 percent 
contingency has been applied. 

Conclusions and Recommendations 
The wetland and riparian stream restoration alternative can be cost effectively restored 
through the above habitat improvements. As part of the final design, we recommend that 
a detailed property survey analysis be conducted. Prior to construction, a complete h&h, 
sediment and geotechncial analysis will be completed. Where LWD would be placed in 
low gradient portions of the creek, a hydraulic analysis should be done to ensure that it 
will not cause additional flooding. Also prior to, during, and after construction, sediment 
and high flow sources throughout the basin need to be controlled or the majority of 
projects benefits will be lost under increasing sediment loads and flows. 
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SITE NO. 37 

GREEN-DUWAMISH RIVER ECOSYSTEM RESTORATION FEASIBILITY 
STUDY 

PROJECT DESCRIPTION AND WRITE-UP 

Site Designation: Big Spring Creek 

Location 
Big Spring Creek (WRTA 09.0119) is located within the Newaukum Creek basin on the 
northern boundary of the Enumclaw plateau northwest of Enumclaw (vicinity map 
attached). The 1.2-mile-long stream is a tributary of Newaukum Creek entering at river 

mjlpJ-eQUQ&h. N&m Cnxk 1s a left-ha-y of the Green River (RM 40). 
Big Spring Creek originates within a series of wetlands that are part of its l,OOO-acre 
drainage area. The primary wetland within the Big Spring Creek watershed is the 
144-acre King County Newaukurn Creek Wetland 5 1 (King County Wetlands Inventory 
1990). 

Site Constraints/Problems 
The Big Spring Creek subbasin is part of the Enumclaw plateau, a depositional area 
created by the Osceola Mudflow originating from a past eruption of Mt. Rainier. The 
poor permeability of the Osceola flow soils, coupled with soil loss, and heavy livestock 
grazing, has created conditions that favor severe rapid runoff during rain and storm 
events. These altered hydrologic conditions contribute to excessive streambed scour and 
to the erosion of streambanks. Many of these wetlands have been filled by agricultural 
use. Rapid runoff has also been encouraged through past agricultural ditching, where Big 
Spring Creek has been rerouted into roadside ditches, The road fill has affected wetland 
hydrologic connectivity and reduced flow attenuation. Poor location of these roads 
through wetlands has caused an interception of inter-flow areas, resulting in concentrated 
point discharges and disruptions to wetland hydrologic functions. 

The existing remnant of plateau wetland complexes today are highly disturbed pastures 
heavily grazed by livestock. Total wetland area has also been reduced in size through 
agricnltural modification that has included filling, ditching, and draining. As previously 
mentioned, Big Spring Creek has in fact been ditched for much of its course. The clearing 
of the riparian buffer, grading, and livestock access to Big Spring Creek and source 
wetlands, has resulted in bank erosion, siltation, and degraded water quality (King 
County Basin Reconnaissance 1990), which has ultimately affected Newaukurn Creek. 
These impacts have severely reduced the total wetland surface area and attenuation 
capabilities, wetland connections to the stream, forested wetland diversity and structure, 
and changed the processes that affect stream-channel morphology. They have also 
affected both stream and wetland habitat that once provided good rearing habitat for both 
resident trout and juvenile anadromous salmonids. Big Spring Creek is poor in instream 
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large woody debris (LWD) and lacks a coniferous riparian buffer. Fish use in the lower 
reach is greatly limited by the lack of LWD and complex off-channel habitat necessary 
for juvenile salmon rearing. Instead, the off-channel habitat is dominated by monotypic 
reedcanary grass ditches that, although groundwater-fed, lack cover and habitat 
complexity. 

A predisturbed Big Spring Creek most likely supported a larger population of coho 
salmon, steelhead, and cutthroat trout than it presently does, where the upper and middle 
watershed consisted of a preponderance of forested wetlands and old-growth forest that 
provided deep rearing pools and critical habitat for salmonids. 

The predisturbed conditions of the Big Spring Creek watershed provided habitat 
complexity through diverse habitats that included forested, scrub-shrub and emergent 
wetlands, and beaver ponds. Habitat complexity is essential for coho salmon and 
steelhead, allowing them access into multiple options both spatially and temporally in the 
system, creating greater srab~~vmn+?%)~us 
maintaining species diversity. The hydrology within the upper Big Spring Creek 
watershed adjacent to the stream is already there, providing a potential to recapture part 
of the original wetland system. Reconnecting the wetland system to the stream will 

. restore salmonid off-channel habitat, over-wintering refuge, and groundwater-fed areas. 
Recolonization by beaver and the subsequent creation of beaver ponds may create the 
most productive coho salmon habitat known in Southeast Alaska, Washington, and 
Oregon (Nickelson et al., 1991). Salmon are much more adapted to the diverse habitat of 
connected forested wetlands and off-channel ponds and.rearing areas than roadside 
ditches. 

The Muckleshoot Indian tribes find both large sizes and high numbers of coho juveniles 
in the spring-fed roadside ditches surrounding Big Spring Creek. These interconnected 
ditches are monotypic zones of reedcanary grass that do not have overstory cover, habitat 
refuge, or provide diversity of food species. The ditches are productive in spite of having 
a monotypic cover and food source of tubifex worms because of the influx of cold 
groundwater, and a high energy input of agricultural fertilizer runoff. However, this 
productivity is found only in one phase of their life cycle, the juvenile rearing stage. 

Project Goals 
Restore salmonid habitat complexity and process-based ecological functions by 
recreating a diverse riparian corridor along Big Spring Creek, addressing wetland 
attenuation and wetland native plant diversity on the Enumclaw plateau. A more robust 
and higher surviving population of coho salmon, steelhead, and cutthroat can be 
encouraged by re-creating Big Spring Creek wetlands and connecting them to the creek, 
thus creating a greater complexity of habitats for juvenile rearing and refuge. These 
salmonids are better adapted to these complex habitats, rather than roadside ditches that 
lack both complexity and cover. 

Proposed Solutions 
n Alternative No. 1 - No action to enhance the existing stream system. 
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. Alternative No. 2 - Move Big Spring Creek from the ditched system of 244th Avenue 
Southeast and Southeast 424th Street, and reroute the stream into a 1,200-foot-con- 
strutted, natural-shaped channel through Wetland 51. Separate the system from 
pollution sources, roads, and dairy. Construct connections between the stream and 
wetland that will improve off-channel rearing areas. Also provide additional key 
LWD pieces to promote process formation and instream habitat complexity. LWD 
should form areas of hydraulic complexity that will create additional pools, side 
channels, and juvenile sahnonid refuge. Move Big Spring Creek from the ditched 
channel within the pasture south of 244th Avenue Southeast into a 600-foot section of 
historic original channel. Enhance the buffer by planting conifers and creating off- 
channel wetland connections to the stream, especially the pastured wetland to the 
south of Southeast 424th Street. By reconnecting the stream to the adjacent wetlands 
and removing the stream from a diversion system of ditches, it is anticipated that 
wetland attenuation will be increased, much like what exists within Wetland 5 1. 

, ylant comrers to create overneaa cover, snaae, ana rooa prod-us. 
Fence areas adjacent to the stream to exclude livestock and encourage a riparian 
buffer. 

m Alternative No. 3 - Avoid impacting the large, Class 1 Wetland 51 and move Big 
Spring Creek from 1,800 feet of roadside ditch into a new channel, set back 30 feet 
f?om the road prism of 244th Avenue Southeast and Southeast 424th Street. Place 
LWD within the channel., 

Recommended Plan 
Alternative No. 1 was rejected since it will not achieve the project goals. Big Spring 
Creek continues to be a source of juvenile refuge for salmonids, and provides a valuable 
source of cool temperature spring water to Newaukum Creek. The current routing of the 
stream subjects salmonids to pollutants from road runoff, and limits off-channel refuge to 
within a roadside ditch. 

Alternative No. 2 is recommended, which would redirect Big Spring Creek into the 
natural wetland forested system that it once occupied. This option would create more 
rearing habitat for coho, steelhead, and cutthroat trout, and would reconnect the stream to 
Wetland 5 1, which would act to attenuate winter peak flows in the system. The project 
would also enhance the wetland functions of the existing reedcanary grass pasture south 
of Southeast 424th Street. The planting of conifers such as native Sitka spruce and 
Western red cedar would create shade and structural diversity in the wetland. It is also 
recommended that the wetlands adjacent to Big Spring Creek be purchased. Specific 
items include: 

. Starting at the outlet of the upper part of the wetland construct 1,200 feet of channel 
through an existing scrub-shrub/forested wetland. Re-establish wetland connectivity 
with the channel. Remove invasive plant species and re-establish forested wetland 
planting. The constructed channel geometry would vary, but would average a 5-foot 
channel bottom with 3-to-1 side slopes and 3 feet deep. Acquire the affected parcels. 
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m The next 900 feet will continue the same type of new channel construction through 
the reedcanary grass wetland. Plant and fence on both sides of the new channel. 

4 Acquire a lOO-foot buffer on both sides of the channel. 

. The next 1,600 feet to the confluence with Newaukum Creek would acquire a 
1 00-foot buffer and provide fencing and planting on both sides of the channel. 

Beneficial impacts to routing the stream through the wetlands will include restoring the 
hydrology with an interconnected stream/wetland system. It is thought the size and 
capacity of the wetlands will dampen any water level fluctuations that would disturb 
native species. However, native Sitka spruce and Western red cedar do flourish when 
inundated for short durations of time. An overflow structure could be constructed if high 
flows prove to be deleterious to the wetland. These high flows can be diverted back to 
the existmg ditched system. 

Temporary adverse impacts might occur during construction. There may be a ELgh water 
table in the forested wetland section, but not in the reedcanary grass wetland. Access 
roads and staging areas that would cause temporary disturbances will be restored 
following construction. Blasting may be the least impactM method of re-creating a 
channel through the forested wetland. 

Alternative No. 3 was rejected since it will likewise not provide sufficient buffer to avoid 
road pollutants, nor will it provide the off-channel refuge for sahnonids that can be found 
within Wetland 5 1. 

Cost Items and Quantities 
Construction items and quantities are listed in the attached construction cost estimate 
table. Those line items not applicable are left blank in the table. Quantities were 
calculated based on the information obtained by King County Department of Natural 
Resources site visit and from mapping. Given the extent of survey, geoteclmical, and 
hydraulic information available at this time, a 49 percent contingency has been applied. 

Conclusions and Recommendations 
The wetland and stream restoration alternative can be achieved through the above habitat 
improvements. As much as possible, the creek will be placed in its original alignment. As 
part of the final design, we recommend that a detailed property survey and analysis be 
conducted. The rerouting of Big Spring Creek through Wetland 5 1 and the unnamed 
wetland to the south of Southeast 424th will require a detailed site survey and hydrologic, 
hydraulic, and soils analysis and property acquisition review. During construction caution 
should be maintained in the existing wetland areas to insure little or no damage to this 
critical habitat. 
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SITE NO. 38 

GREEN-DUWAMISH ECOSYSTEM RESTORATION _ 
FEASIBILITY STUDY 

PROJECT DESCRIPTION AND WRITE-UP 

Site Designation: Brunner Slough (Kanasket North) 

Location The site is located in unincorporated King County at about river mile 58 up 
stream of Kanasket and Palmer. 

‘Site Constraints/Problems 
In the last one hundred years this portion of the river has become somewhat constricted 
due to levees and railroad construction. As a result several river meandmws and 
side channels have been cut off from the mainstream. Off channel rearing and spawning 
opportunities have been greatly reduced. Brunner slough is a remnant of a meander bend 
cut off from the river sometime before 1940. Currently it is a series of high flood 
channels carved by the river, connected only to the river at high water events. The site is 
well forested and is adjacent to a gravel pit. 

Project Goals 
The goal is to provide off-channel winter and summer rearing habitat for a variety of 
salmon and trout (chinook, coho, chum, steelhead and char). There is some potential for 
chum spawning in the restored slough. 

Alternatives 
Three alternatives were evaluated for this project. They include: 

n Alternative One: The no-action alternative. This would maintain the status quo, the 
river would only access the site at higb water: and there would be no opportunity for 
summer rearing. 

n Alternative Two: This alternative includes cutting (excavating) a new up-stream 
connection as well as a down stream connection. These connections would be deep 
enough to provide fish access throughout the year and be about 20 feet wide. 

m Alternative Three: This alternative involves excavation of a 3600 linear foot channel 
in a currently existing swale. This channel would follow the contour provided by the 
existing swale. The new channel would be ten feet wide and have a positive slope of 
0.1% to allow for drainage. At the upper end of the channel ground water would be 
daylighted and gravel would be placed to construct a french drain for the ground 
water to drain through to the channel. An 18inch layer of gravel. would be placed on 
the bottom of the channel throughout its length to encourage chum spawning. At the 
channel entrance to the Green, the mouth would be 10 ft. wide with 3 on 1 side 
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slopes. Large tree trunks with root wads would be placed throughout the channel but 
especially at the mouth to provide cover. Areas of construction will have riparian 
plantings. The rest of the site is covered in trees so no addition planting would be 
needed. 

Recommended Plan: The first alternative does not provide the benefits desired in the 
project goals. Alternative two would provide these benefits but there could be some 
difficulty ensuring that the entire Green River doesn’t shift and occupy the newly 
connected channel; this could result in flooding private property. Alternative three is the 
most conservative option that could meet the project goals. 

Cost Items and Quantities 
Construction line items and quantities are shown in the MCACES portion of the attached 
engineering appendix. 

Toncluslons and Kecommendations: 
Alternative three is the preferred plan. Day-lighting ground water is the key to this 
project. A series of piezometers should be installed and monitored over a year to 
determine ground water elevation and temperature. A geotechnical evaluation of the 
soils in the area should be done to evaluate if the channel will retain water. In addition, 
river levels in the area should be observed to make sure that the connection to the Green 
River is done at the correct elevation. A h&h analysis of the effects of the proposed outlet 
configuration on Green River flows will be completed prior to construction. The channel 
can probably maintain good fish habitat with flows in the 2 to 4 cfs range with a good 
shade canopy. Additional analysis of fish flows need to be done prior to construction and 
in connection with the above mentioned studies. 

146 



SITE NO. 39 

GREEN-DUWAMISH RIVER ECOSYSTEM RESTORATION FEASIBILITY 
STUDY 

PROJECT DESCRIPTION AND WRITE-UP 

Site Designation: Upper Green River Side Channels, Sites One and Two 

Location 
Site One is located on the Green River at about river mile (RM) 60, approximately 
4.5 miles downstream of the Howard Hanson Darn, in the northeast quarter of Section 13, 
Township 21 North, Range 7 East (see attached vicinity map). Site Two is located 
downstream of Site One at about RM 58.5, in the southwest quarter of Section 13, 
Township 21 North, Range 7 East. 

Site Constraints/Problems 
The upper Green River is sediment-limited because the Howard Hanson Dam now traps 
sediment historically supplied by upstream processes, such as landslides and bedload 
transport. Because natural recruitment of sediment in river reaches located immediately 
downstream of the dam is insufficient to compensate for lost sediment, the.channel has 
begun to incise, the surface substrate has become imbedded and armored with boulders 
and cobbles, and there is an absence of gravels of suitable size for spawning salmon. 
Continued incision of the mainstem channel may isolate side channels if differences in 
mainstem and side channel bed elevations become pronounced. Therefore, two other 
Green River ERS projects are proposed that would add gravel and wood to the mainstem 
of the Green River to counteract this incision trend. 

In addition to being sediment-starved, the mainstem Green River and side channels 
located at both Site One and Site Two lack structural complexity. There is an absence of 
large wood in the stream channel so that large boulders, which are more abundant at Site 
Two than Site One, provide the only structure. Moreover, flow regulation by the Howard 
Hanson Dam has greatly altered natural flow patterns within the Green River, which in 
turn alters sediment transport. Winter peak flows are’smaller and less frequent, and 
summer and fall base flows are sometimes below levels suitable for spawning salmon. 

Project Goals 
The project has two primary goals: (1) restore natural ecosystem processes of sediment 
supply and transport to the side channels (and mainstem) at Sites One and Two, and 
(2) restore natural ecosystem processes of large woody debris (LWD) recruitment, 
transport, and structure in the side channels (and mainstem). Restoring these ecosystem 
processes will accomplish additional project goals of rehabilitating instream salmon 
spawning, rearing, and migration habitat while reducing the need for ongoing 
maintenance. Restoring ecosystem processes will also rehabilitate habitat for non- 
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salmonid aquatic organisms, and non-aquatic organisms that use the Green River for 
some component of their life history. 

Proposed Solutions 
The following five alternative approaches to restoring the processes of sediment and 
LWD supply and transport in the Green River side channels (and mainstem) were 
considered: 

. Alternative No. 1 - No action: No modifications would be made to existing 
conditions. Side channels and the mainstem river would remain sediment- and LWD- 
limited. Side channels would continue to provide rearing habitat for juvenile salmon 
and trout, unless the mainstem incised to an elevation that would prevent water from 
entering side channels. 

m Alternative No. 2 -Undermine banks along the river downstream of Howard Hanson 
Dam to create landslides that would provide sources of sediment and large wood to 
the project areas. Allow existing river hydraulics to transport sediment and wood to 
create spawning beds and logjams where existing river gradient and morphology 
allow. Under-plant the riparian corridor with native conifers to provide a future source 
of naturally recruited large wood to the river. Alter flow regulation at Howard 
Hanson Dam to provide suitable flows in side chmels during the salmon spawning 
and incubation seasons (roughly mid-August through March). This approach would 
artificially initiate sediment and wood supply through the natural process of 
landsliding, but continued flow regulation by the Howard Hanson Dam would 
maintain altered sediment and wood transport. 

n Alternative No. 3 - Add sediment and wood to the stream channel and allow existing 
river hydraulics to transport sediment and wood to create spawning beds and logjams 
where existing river gradient and morphology allow. Underplant the riparian corridor 
with native conifers to provide a future source of naturally recruited large wood to the 
river; Alter ff ow regulation at Howard Hanson Dam to provide suitable flows in side 
channels during the salmon spawning and incubation seasons (roughly mid-August 
through March). This alternative would require ongoing maintenance in the form of 
periodic additions of sediment and wood because natural sediment and wood supply 
processes would not be restored. 

n Alternative No. 4 - Construct pool/riffle habitat sequences within the Site One and 
Two side channels to increase channel complexity, create salmon spawning habitat, 
and enhance rearing habitat for juvenile salmonids. Two types of habitat sequences 
would be constructed: bar apex jams (after Abbe and Montgomery 1996) and lateral 
jams. Lateral jams would consist of an upstream lateral scour pool associated with a 
lateral constructed logjam, and a downstream riffle in the pool tail-out. Bar apex 
jams would consist of a mid-channel constructed logjam with an associated upstream 
crescentic pool and arcuate bar, and a downstream central bar. Constructed habitat 
sequences would be incorporated within existing channel morphology, comprising 
about 10 to 15 percent of the total side channel area. Some initial channel excavation 
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would be required to bury key members of logjams and create associated pools. 
Scour around logjams is intended to maintain pools over time. Downstream riffles of 
lateral jams will also be excavated so that they can be backfilled with a spawning 
gravel substrate mixture. Logs or boulders will be buried downstream of riffles to 
provide bed control. Additional components of this alternative include: (1) under- 
planting the riparian corridor with native conifers to provide a future source of 
naturally-recruited large wood to the side channels, (2) constructing a large logjam at 
the head of the Site Two side channel to split high river flows and direct a portion of 
the flow into the side channel, (3) altering flow regulation at Howard Hanson Dam to 
provide suitable flows in side channels during the salmon spawning and incubation 
seasons (roughly mid-August through March), (4) constructing supply bars of 
spawning-sized gravel at the upstream ends of side channels to provide a source of 
gravel to be transported to and within side channels by existing river hydraulics, and 
(5) chronic additions of LWD to be transported to and within side channels by 
existing river hydraulics until conifer under-plantings mature and provide a source of 
naturally recruited LWD. 

. Alternative No. 5 - Transform side channels into salmon spawning channels by 
removing the native substrate, backfilling with spawning-sized gravels, and installing 
log weirs for bed control, Under-plant the riparian corridor with native conifers to 
provide a future source of naturally recruited large wood to the side channels. 
Construct a supply bar of spawning-sized gravel at the upstream ends of side channels 
to provide a source of gravel to be transported to and within side channels by existing 
river hydraulics. Alter flow regulation at Howard Hanson Dam to provide suitable 
flows in side channels during the salmon spawning and incubation seasons (roughly 
mid-August through March). 

Recommended Plan 
Alternative No. 1, no action, was rejected because it does not achieve goals to restore 
processes of sediment and large wood supply and transport in the Green River and its 
side channels. This alternative would maintain existing salmonid rearing habitat within 
side channels at Sites One and Two unless continued sediment depravation to the 
mainstem river results in sufficient incision to isolate side channels, causing them to go 
dry- 

Alternative No. 2, create landslides on river banks downstream of Howard Hanson Dam 
to provide sources of sediment and wood to the project areas, was rejected because it is 
unlikely that landslides would provide enough material to restore sediment and wood 
supplies, especially over time. More analysis would be needed to determine whether the 
local geology is prone to landsliding, and whether landsliding would provide suitable 
substrate material to the system. Potential negative effects of artificially initiated 
landslides would also need to be evaluated. Moreover, although this alternative would 
provide for the formation of spawning beds and logjams in locations and configurations 
consistent with existing hydraulic conditions, it would not guarantee formation of these 
habitats at the Site One and Two side channels. This alternative warrants further 
consideration because it provides a supply of sediment and wood through the natural 
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process of landsliding, which is the best opportunity to accomplish ecosystem process 
restoration within the constraint of retaining the Howard Hanson Dam. 

Alternative No. 3, add sediment and wood to the stream channel and allow it to’be 
transported by existing hydraulics, was rejected because it does not provide for 
immediate salmonid habitat restoration. This alternative would require ongoing 
maintenance in the form of periodic additions of sediment and wood because natural 
sediment and wood supply processes would not be restored as long as Howard Hanson 
Dam was still in place. Although this alternative would provide for the formation of 
spawning beds and logjams in locations and configurations consistent with existing 
hydraulic conditions, it would not guarantee formation of these features in the Site One 
and Two side channels. This alternative should be investigated as a potential future 
phase of the project that would provide non-site-specific restoration opportunities. 

-Alte.mative No. 4 construct pool/riffle habitat sequences within existing side channel - - 2.. _ -. - 
morphology, was selected because it provides the best oppormmty to accomplish related - 
project goals while considering reach-level natural processes within the constraints of 
retaining the Howard Hanson Dam and restoring salmonid habitat within Site One and 
Two side channels. As described above, this alternative will construct pool/riffle habitat 
sequences within the Site One and Two side channels to increase channel complexity, 
create salmon spawning habitat, and enhance rearing habitat for juvenile salmonids. Two 
types of habitat sequences would be constructed, bar apex jams (after Abbe and 
Montgomery 1996) and lateral jams. 

Although this alternative does not restore natural processes of sediment and wood supply 
and transport at the basin scale, it attempts to restore these processes at the reach scale. 
Periodic wood and gravel seeding at the heads of side channels is intended to provide 
wood and sediment supplies that would be transported through side channels by existing 
flow hydraulics; conifer underplantings will provide a future source of naturally recruited 
LWD. Constructed habitat sequences are intended to create immediate salmon spawning 
and rearing habitat while restoration of the processes that naturally create these habitat 
features is underway. Constructing habitat sequences within the existing side channel 
morphology reduces risk of failure because the existing morphology is stable under 
current conditions. This alternative also allows for potential flow release alterations at 
Howard Hanson Dam. 

Alternative No. 5, transform side channels into salmon spawning channels, was rejected 
because it would not restore ecosystem processes of sediment and wood supply and 
transport, it would not accomplish secondary project goals of restoring sahnonid habitat 
for life history stages other than spawning, and it is unlikely that suitable spawning 
habitat would be created. Cobbles and boulders currently present in side channels 
suggest that a uniform channel of spawning-sized gravels would be unstable during 
typical winter flows even with log weir bed control, resulting in gravel mobilization, redd 
scour, and embryo mortality. Uniform channel bedform created by this design will likely 
limit surface water downwelling, resulting in potentially low subsurface dissolved 
oxygen concentrations and embryo mortality. Flow. regulation at Howard Hanson Dam 
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would have to be altered to provide suitable flows during salmon spawning and 
incubation periods, an arrangement that has not yet been agreed upon. Side channels 
currently provide rearing habitat for juvenile salmonids; flows in side channels were 
insufficient for salmon spawning during field visits in late October 1999. 

This alternative would require ongoing maintenance in the form of periodic installations 
of gravel to replace gravel transported out of side channels during typical winter flows; 
analysis of shear stresses in side channels would identify expected maintenance 
requirements. This alternative does not provide the opportunity to restore ecosystem 
processes; rather it is a traditional site specific, single species, single life history stage 
approach to habitat restoration like those that have had limited success in the past. 

Cost Items and Quantities . 
Construction line items and quantities are listed in the MCACES portion of the attached 
engineering appendix. - - - 

Conclusions and Recommendations 
Conduct hydraulic analyses to determine shear stresses in side channels to identify 
mobility of spawning-sized gravels. Conduct hydrologic analyses to determine 
recurrence interval of flows that will mobilize gravels. Survey elevations of side 
channels and adjacent mainstem to determine risk of side-channel isolation as a result of 
the proposed project. The survey will also identify which of the several side channels 
present at Site One are best-suited for restoration, as well as suitable locations for 
sediment-supply gravel bars upstream of side channels. Obtain aerial photographs so that 
constructed habitat sequences can be sited within existing channel features (such as large 
boulders and wood) without the need for detailed ground survey. Insure close 
coordination with the Howard Hanson project which will be placing LWD in the 
mainstem. Construct both projects at the same time to eliminate the threat of 
downcutting of the channel that has no LWD and leaving the other channel high and dry 
during low flows. Complete an overall h&h model, geomorphologic analysis of the total 
project, and a stability analysis of log jams under high flow conditions, prior to 
construction. 
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SITE NO. 40 
GRJ3EN-DUWAMISH RIVER ECOSYSTEM RESTORATION FEASIBILITY 

STUDY 
PROJECT DESCRIPTION AND WRITE-UP 

Site Designation: Gale Creek 

Location 
Site is a perched culvert on Gale Creek located on Road 5530 at milepost 11.5. The 
creek is tributary to the Green River and the culvert is approximately 3,100 feet upstream 
of the confluence with the Green River. The confluence is upstream of the Corps’ 
Howard Hansen Dam on Tacoma Public Utilities property. Refer to site location map, 
included in the Gale Creek Site Plan, Figure No. 4. 

Site Constraints/Problems 
The existing pipe arch culvert (12 feet wide and 8 feet high) is perched 2.4 feet and 
prevents fish passage. The existing stream channel width is approximately 12 to 16 feet 
wide. Restoring upstream fish passage will open up approximately two miles of 
spawning and rearing habitat on Gale creek. One mile of Boundary Creek, a tributary to 
Gale Creek, could also become available for spawning and rearing habitat. Based on site 
investigations and discussions With Tacoma Public Utility staff, it is believed that the 
existing culvert 1 is undersized. During tigh flows, the creek ha.s bypassed the culvert and 
overtopped the road. 

Project Goals 
The proposed project would eliminate the perched culvert condition and allow fish 
passage into the upstream reaches of Gale Creek and Boundary Creek. The hydraulic 
constriction created by the existing culvert would also be eliminated. 

Proposed Solutions 
The following three alternatives were considered in selecting the proposed project: 

a Alternative No. 1 - No Action: No modifications to the existing perched culvert. 
Fish passage would remain blocked. 

m Alternative No. 2 - Bottomless Culvert: Replace the existing pipe arch culvert with a 
bottomless culvert, The creek channel would be re-routed through the new culvert 
with the natural channel gradient maintained. Provide spawning gravel upstream of 
the site. 

. Alternative No. 3 - Bridge: Replace the existing pipe arch culvert with a bridge. The 
creek channel would be re-routed through the bridge, with the natural channel 
gradient maintained. Provide spawning gravel upstream of the site. 
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Recommended Plan 
The no action alternative will not achieve the project goals and is not a viable option for 
this site. However, both Alternative 2 and 3 can achieve the project goals. Bottomless 
culverts are the cost-effective alternative if the culvert span distance is less than 20 feet. 
The flow for an approximately loo-year storm for Gale Creek was estimated using an 
empirical formula developed in a previous hydraulic analysis for the Green River 
prepared by HDR (Maywood Bridge - Green River Hydraulic Analysis, for Tacoma 
Public Utilities, June 1998). With an estimated drainage basin area for Gale Creek 
upstream of the site of 5.4 square miles, the calculated loo-year flow is 742 cfs. 
A bottomless arch culvert with a span of 20 feet and rise of 10 feet can convey 742 cfs. 
However, bottomless culverts are cost effective as compared with a bridge crossing when 
the culvert span is less than 20 feet. 
Assuming a bridge width equal to the creek width at ordinary high water (OHW) times 
1.33 and an OHW creek width of 25 feet, the minimum bridge width is equal to 33.25 
feet. This was rounded up to the nearest lo-foot interval. Thus, a new bridge with a span 
of 50 feet, allowing for side slopes, is the proposed alternative to meet the project goals. 
The conceptual design for this structure is depicted in the Gale Creek Site Plan, Figure 
No. 4. 
During construction, a temporary diversion road will be constructed on +hp upstream side Li .lZY 
of Road 5530 to detour traffic. A low flow temporary creek crossing will also be 
required (refer to Temporary Construction Fly By Drawing, Figure No. 9). 
In order to minimize creek channel rerouting, the new bridge structure will be located 
next to the existing culvert. During the first stages of construction, the existing culvert 
will be retained for a temporary creek diversion in order to avoid removal costs and in- 
stream construction. Prior to placing the bridge deck, the culvert will be removed. There 
will be adequate room to allow creek passage within the new bridge creek span until the 
bridge construction and channel re-routing is completed. 

Cost Items and Quantities 
Construction line items and quantities are shown in the MCACES portion of the attached 
engineering appendix. The table was developed as a standard to be used for all of the 
sites. As such, some of the line items are not applicable to Gale Creek and are left blank. 
Major items such as the bridge structure, excavation, fill, and restoration are listed along 
with a contingency and sales tax. Quantities were calculated based on the information 
obtained in the previous site investigations along with HDR’s site visit. Given the extent 
of survey, geotechnical, hydrologic, and hydraulic information available at this time, a 40 
percent contingency has been applied to the estimate. 

Conclusions and Recommendations 
The Gale Creek Site can be effectively restored via construction of a 50-foot span bridge. 
During Advanced Engineering and Design (AED), a detailed site survey, geotechnical 
investigation, hydrologic/ hydraulic, and channel stability analysis will be completed. 
Consideration should be given to dropping the bridge deck by 4 feet and regrading the 
roadway appropriately since the conveyance area of the proposed bridge is more than 
adequate, and the dimensions are governed by site rather than hydraulic constraints. 
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Placing of the new arch culvert in the same alignment as the existing culvert while 
providing appropriate temporary diversion and care of flow in the creek may also be, an 
AED task. 
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* SITE NO. 41 
GREEN-DUWAMISH RIVER ECOSYSTEM RESTORATION FEASIBILITY 

STUDY 
PROJECT DESCRIPTION AND WRITE-UP 

Site Designation: Site No. 5 - Boundary Creek - Cuivert Replacement 

Location 
This perched culvert passes Boundary Creek under Road 5530A about l/3 mile from 
Road 5530. The culvert lies just upstream of Boundary Creek’s confluence with Gale 
Creek, which is roughly 5000 feet upstream of Gale’s confluence with the Green River. 
Refer to site location map, included in the Boundary Creek Site Plan, Figure No. 5. 

Site Constraints/Problems 
The existing 6-foot high by 8-foot wide, 32-foot long culvert is perched by about 1 foot. 
The existing stream channel width is approximately 7 to 10 feet wide. The downstream 
scour hole was relatively small as was the material in it, suggesting a lower flow than at 
the other sites. A 48-inch diameter, 40-foot long high water diversion culvert to the west 
of the 32-foot long culvert is perched by about 3.5 feet. Restoring adequate upstream fish 
passage will open up approximately one mile of spawning and rearing habitat on 
Boundary creek. 

Project Goals 
The proposed project would eliminate the perched culvert condition to allow for fish 
passage in the upstream reaches of Boundary Creek. Upstream habitat improvements 
would include placement of spawning gravel. 

Recommended Solutions 
The following four alternatives were considered in selecting the proposed project: 

. Alternative No. 1 - No Action: No modifications to the existing perched culvert. 
Fish passage would remain blocked. 

H Alternative No. 2 - Bottomless Culvert: Install a bottomless arch of larger size in the 
location of the high water diversion culvert. Place spawning gravel upstream of 
culvert. 

= Alternative No. 3 - Bottomless Culvert: Install a bottomless arch of larger size in the 
location of the existing 6-foot h@h by 8-foot wide culvert. Place spawning upstream 
of culvert. 

m Alternative No. 4 - Bridge: Replace culvert with a 45-foot bridge. Place spawning 
gravel upstream of culvert. 

Recommended Plan 
The no action alternative will not achieve the project goals and is not a viable option for 
this site. However, both Alternatives 2 and 3 can cost effectively achieve the project 
goals. Bottomless culverts are the cost-‘effective alternative if the culvert span distance is 
less than 20 feet. 
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The conceptual design for Alternative No. 2 is recommended and is depicted in the 
Boundary Creek Site Plan, Figure No. 5. This alternative was preferred to Alternative 3 
because it provides for a more direct conveyance to the portion of the creek downstream 
of the culvert. 
The flow for an approximately loo-year storm for Boundary Creek was estimated using 
an empirical formula deveioped in a previous hydraulic analysis for the Green River 
prepared by HDR (Maywood Bridge - Green River Hydraulic Analysis, for Tacoma 
Public Utilities, June 1998). With an estimated drainage basin area for Boundary Creek 
upstream of the site of 1.2 square miles, the calculated loo-year flow is 203 cfs. 
A bottomless culvert with an additional 2 feet of rise was selected to allow a 2-foot bury 
depth of the culvert and the footing for scour. Therefore, a 16-foot span and an 8-foot 
rise was selected as the cost-effective solution. The conceptual design for this structure is 
depicted in the Boundary Creek Site Plan, Figure No. 5. 
Remove the existing 48-inch high water diversion culvert and replace with bottomless 
arch. During the first stages of construction, the existing 6-foot high by g-foot wide 
culvert will be retained for a temporary creek diversion in order to avoid removal costs 
and in-stream construction. Prior to placing the bottomless arch, the 6-foot high by 8- 
foot wide culvert will be removed. A low flow temporary creek crossing will be required 
(refer to Temporary Construction Fly By Drawing, Figure No. 9). Footing will be 
designed, to control local scour and prevent recreating perched culvert conditions. 
Place gravel and large woody debris for 100 feet upstream of the existing culvert. 

Cost Items and Quantities 
Construction line items and quantities shown in the MCACES portion of the attached 
engineering appendix. The table was developed as a standard to be used for all of the 
sites. As such, some of the line items are not applicable to Boundary Creek and are left 
blank. Major items such as the culvert structure, excavation, fill, and restoration tie 
listed along with a contingency and sales tax. Quantities were calculated based on the 
information obtained in the previous site investigations along with HDR’s site visit. 
Given the extent of survey, geotechnical, hydrologic, and hydraulic information available 
at this time, a 40 percent contingency has been applied to the estimate. 

Conclusions and Recommendations 
The Boundary Creek Site can be effectively restored via a bottomless arch, large woody 
debris, and spawning gravel. During Advanced Engineering and Design, we recommend 
that a detailed site survey, geotechnical investigation, hydrologic/ hydraulic and LWD 
stability analyses be conducted. 
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SITE NO. 42 

GREEN-DUWAMISH RIVER ECOSYSTEM RESTORATION FEASIBILITY 
STUDY 

PROJECT DESCRIPTION AND WRITE-UP 

Site Designation: Site No. 8 - Sweeney Creek - Culvert Replacement 

Location 
Site includes two perched culverts on Sweeney Creek located on Road 3703 at milepost 
21.8. The creek is a south tributary of the Green River and the culverts are approximately 
200 feet upstream of the confluence with the Green River. The confluence is upstream of 
the Corps’ Howard Hansen Dam on Tacoma Public Utilities property. Refer to site 
location map, included in the Sweeney Creek Site Plan, Figure No. 8. 

Site Constraints/Problems 
The existing 60-inch diameter east culvert is perched 1.3 feet and does not allow fish 
passage; the 48-inch diameter west culvert is perched 3.54 feet. The existing stream 
channel width is approximately 10 to 14 feet wide. Presently, there is a 4 to 5’ foot drop 
in the last 12 to 15 feet of the creek at the confluence with the Green River. There are 
large l-foot diameter rocks in the confluence area. Correcting fish passage blockage and 
enhancing upstream habitat will open up several miles of spawning and rearing habitat. 
The upstream habitat would benefit from adding large woody debris. The site has a 
history of flooding problems. 

Project Goals 
The proposed project would eliminate the perched culverts as well as the steep gradient in 
the last 15 feet of the creek to allow for fish passage into the upstream reach of Sweeney 
Creek. Upstream habitat improvements will include placement of large woody debris in 
the creek. 

Proposed Solutions: 
The following three alternatives were considered in selecting the proposed project: 

. Alternative No. 1 - No Action: No modifications to the existing perched culverts and 
downstream channel. Fish passage would remain blocked. 

n Alternative No. 2 - Bottomless Culvert: Replace the existing circular culverts with a 
bottomless culvert. The creek channel would be re-routed through the new culvert 
with the natural channel gradient maintained.’ The downstream channel would be 
excavated to maintain a constant gradient between the new culvert and the confluence 
with the Green River. Place large woody debris in the upstream reach to provide 
habit-forming structures. 

n Alternative No. 3 - Bridge: Replace the existing circular culverts with a bridge. The 
creek channel would be re-routed through the bridge with the natural channel gradient 
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maintained. The downstream channel would be excavated to maintain a constant 
gradient between the new bridge and the confluence with the Green River. Place 
large woody debris in the upstream reach to provide habit-forming structures. 

Recommended Plan 
The no action alternative will not achieve the project goals and is not a viable option for 
this site. However, both Alternative Nos. 2 and 3 can achieve the project goals. 
Bottomless culverts are the cost-effective alternative if the culvert span distance is less 
than 20 feet. 

. 

The approximately loo-year flow for Sweeney Creek was estimated using an empirical 
formula developed in a previous hydraulic analysis for the Green River prepared by HDR 
(Maywood Bridge - Green River Hydraulic Analysis, for Tacoma Public Utilities, June 
1998). With an estimated drainage basin area for Sweeney Creek upstream of the site of 
2.4 square miles, the calculated loo-year flow is estimated at 3.65 cfs. While a 
bottomless arch culvert with a 15-foot span and 7.5-foot rise is adequate to convey 365 
cfs, a bridge is recommended by the Forest Service and supported by Weyerhaeuser and 
is therefore the selected alternative. The conceptual design for Alternative No, 3 is. 
recommended and is depicted in the Sweeney Creek Site Plan, Figure No. 8. 
Assuming a minimum bridge width equal to the creek width at ordinary high water 
(OHW) ti-mes 1.33 and an OHW creek width of 12.3 feet, the minimum bridge width is 
16.4 feet which is rounded to 20-feet. Because the resulting bridge dimensions would 
drop the thalweg beneath the proposed slope regrade, a 50-foot span is recommended. 
This increase in hydraulic capacity results in a shallower bridge with a thalweg in the 
approximate location of a natural regrade. Thus, a new bridge with a span of 50 feet is 
the proposed alternative to meet the project goals. A low flow temporary creek crossing 
will also be required (refer to Temporary Construction Fly By Drawing, Figure No. 9). 
In order to minimize creek channel rerouting, the new bridge structure will be located. 
over the existing 48-inch culvert, During the first stages of construction, the existing 60- 
inch culvert will be used for a temporary creek diversion in order to avoid removal costs 
and in-stream construction, and the 48-inch culvert will be removed. Prior to placing the 
bridge deck, the 48-inch culvert will be plugged. There will be adequate room to allow 
creek passage within the new bridge creek span until the bridge construction and channel 
re-routing is completed. 
Drawings of creek modifications appear in the Creek Details, Figure No. 10. 
Modifications to the creek channel consist of placement of large woody debris for 100 
feet upstream of the culvert. 
For construction quantity estimating purposes, placement of one piece of large woody 
debris every two stream widths was assumed. Streams were assumed to be about 12.5 
feet wide (survey data is not available). 

Cost Items and Quantities 
Construction line items and quantities are shown in the MCACES portion of the attached 
engineering appendix. The table was developed as a standard to be used for all of the 
sites. As such, some of the line items are not applicable to Sweeney Creek and are left 
blank. Major items such as the bridge structure, excavation, fill, and restoration are listed 
along with a contingency and sales tax. Quantities were calculated based on the 
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information obtained in the previous site investigations along with HDR’s site visit. 
Given the extent of survey, geotechnical, hydrologic, and hydraulic information available 
at this time, a 40 percent contingency has been applied to the estimate. 

Conclusions and Recommendations 
The Sweeney Creek Site can be effectively restored ‘VT:- Ia a SO-foot span bridge. Changes in 
graderfollowing removal of current stream blockages -will be considered when designing 
bridge supports. LWD downstream of the bridge will not be installed for a minimum of 2 
years after bridge construction. During Advanced Engineering and Design, a detailed site 
survey, geotechnical investigation, hydrologic/hydraulic analyses, and LWD security 
study will be conducted. 
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SITE NO. 43 

GREEN-DUWAMISH RIVER ECOSYSTEM RESTORATION FEASIBILITY 
STUDY 

PROJECT DESCRIPTION AND WRCTE-UP 

Site Designation: Site No. 7 - Olsen Creek - Culvert Replacement 

Location 
This perched 72-inch CMP culvert is located on Road 3703 at milepost 23.5. The existing 
stream channel width is approximately 8 to 12 feet wide. Olsen creek is tributary to the 
Green River and the culvert is located approximately 250 feet upstream of the confluence 
with the Green River. The confluence is upstream of the Corps’ Howard Hansen Dam on 
Tacoma Public Utilities property. Refer to site location map, included in the Olsen Creek 
Site Plan, Figure No. 7. 

Site Constraints/Problems 
Upstream of the culvert there is no woody debris. There are a few large boulders directly 
at the culvert mouth. The stream bed is flat and undefined. Culvert is buckling. Quality 
habitat lies about 800- 1000 feet upstream of the culvert. 

Project Goals 
Ensure fish passages enhance fish habitat with additional stream structure, refine existing 
habitat and providing a link to further habitat upstream. 

Proposed Solutions 
The following three alternatives were considered in selecting the proposed project: 

n Alternative No. 1 - No Action: Habitat would remain as is 

m Alternative No. 2 - Stream Structure: Place large woody debris upstream as well as 
spawning gravel. Downstream, place four notched logs bank to bank, 30 feet apart. 

u Alternative No. 3 - Culvert Replacement: Replace existing culvert with a bottomless 
arch culvert of larger size and place large woody debris upstream as well as spawning 
gravel. 

Recommended Plan 
The no action alternative will not achieve the project goals and is not a viable option for 
this site. However, Alternative No. 3 can best achieve the project goals as the existing 
culvert is decayed, buckled, and undersized. 
The conceptual design for Alternative No. 3 is recommended and is depicted in the Olsen 
Creek Site Plan, Figure No. 7. 
The flow for an approximately loo-year storm for Olsen Creek was estimated using an 
empirical formula developed in a previous hydraulic analysis for the Green River 
prepared by HDR (May-wood Bridge - Green River Hydraulic Analysis, for Tacoma 
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Public Utilities, June 1998). With an estimated drainage basin area for Olsen Creek 
upstream of the site of 1.77 square miles, the calculated loo-year flow is 284 cfs. 
The span and rise dimensions for a bottomless culvert were computed based on 284 cfs. 
Assuming an arch configuration with the span distance twice as long as the arch rise, a 
12-foot span and 6-foot rise is adequate to convey 284 cfs. A bottomless culvert with an 
additional 2 feet of rise was selected to allow a 2-foot bury depth of the culvert and the 
footing for scour. Therefore, a 16-foot span and an 8-foot rise was selected as the cost- 
effective solution. Footing will be designed to control local scour and the recreation of 
perched culvert conditions. 
During construction, the existing culvert will be retained for a temporary creek diversion 
and then removed. A low flow temporary creek crossing will be required (refer to 
Temporary Construction Fly By Drawing, Figure No. 9). 
Drawings of creek modifications appear in the Creek Details, Figure No. 10. 
Modifications to the creek channel consist of placement of large woody debris and 
spawning gravel for 100 feet upstream of the culvert. 
For construction quantity estimating purposes piactze7 
debris every two stream widths was assumed.’ Streams were assumed to be about 12.5 
feet wide (survey data is not available). 

Cost Items and Quantities 
Construction line items and quantities are shown in the MCACES portion of the attached 
engineering appendix. The table was developed as a standard to be used for all of the 
sites. As such, some of the line items are not applicable to Olsen Creek and are left 
blank. Major items such as the culvert structure, excavation, fill, and restoration are 
listed along with a contingency and sales tax. Quantities were calculated based on the 
information obtained in the previous site investigations along with HDR’s site visit. 
Given the extent of survey, geotechnical, hydrologic, and hydraulic information available 
at this time, a 40 percent contingency has been applied to the estimate. 

Conclusions and Recommendations 
The Olsen Creek Site can be cost-effectively restored via a bottomless culvert, large 
woody debris, and spawning gravel. During Advanced Engineering and Design (AED), 
we recommend that a detailed site survey, geotechnical investigation, and hydrologic/ 
hydraulic analyses be conducted. Furthermore, LWD security analysis, and scour and 
riprap grade control-to prevent recreating perched conditions-will be completed in 
design studies prior to construction. Placing of the new arch culvert in the same 
alignment as the existing culvert while providing appropriate temporary diversion and 
care of flow in the creek may also be an AJ3D task. 
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SITE NO. 44 

GREEN-DUWAMISH RWER ECOSYSTEM RESTORATION FEASIBILITY 
STUDY 

PROJECT DESCRIPTION AND WRITE-UP 

Site Designation: Site No. 3 - May Creek - Culvert Replacement 

Location 
This CMP culvert is perched over May Creek under Road 5530. The creek is tributary to 
the Green River and the culvert is approximately 3,100 feet upstream of the confluence 
with the Green River. The confluence is upstream of the Corps’ Howard Hansen Dam on 
Tacoma Public Utilities property. Refer to site location map, included in the May Creek 
Site Plan, Figure No. 3. 

Site Constraints/Problems 
The existing 48-inch CMP diameter, 60-foot-long culvert is perched by about 2 feet at the 
downstream end. The existing stream channel width is approximately 6 to 10 feet wide. 
There is a history of culvert plugging and roadway flooding at the site. Upstream habitat 
in the stream will benefit from adding diversity. Rock material downstream of the 
culvert is 12 to 18 inches in size and well rounded, suggesting higher flows occur at this 
site. 

Project Goals 
The proposed project would eliminate the perched culvert condition to allow for fish 
passage into the upstream reach of May Creek. Upstream habitat enhancement would 
consist of adding large woody debris, spawning gravel and the planting of a riparian 
corridor. Coordination with BPA will be required to ensure that the proposed plantings 
will remain in place as part of BPA’s Transmission Line Corridor maintenance program. 

Proposed Solutions 
The following three alternatives were considered in selecting the proposed project: 

m Alternative No. 1 - No Action: No modifications to the existing perched culvert. 
Fish passage would remain blocked. 

a Alternative No. 2 - Bottomless Culvert: Replace the existing 48-inch diameter 
culvert with a bottomless arch culvert of a larger size. Place large woody debris and 
spawning gravel upstream of the culvert and plant a riparian corridor under the BPA 
lines. 

m Alternative No. 3 - Bridge: Replace the existing 48-&h diameter culvert with a 45- 
foot wide bridge. Place large woody debris and spawning gravel upstream of the 
culvert and plant a riparian corridor under the BPA lines 

162 



Recommended Plan 
The no action alternative will not achieve the project goals and is not a viable option for 
this site. However, both Alternatives No. 2 and 3 can achieve the project goals. 
Bottomless culverts are the more cost-effective solution as compared with a bridge 
alternative if the culvert span distance is less than 20 feet across. 
The conceptual design for Alternative No. 2 is recommended and is depicted in the May 
Creek Site Plan, Figure No. 3. 
The flow for an approximately loo-year storm for May Creek was estimated using an 
empirical formula developed in a previous hydraulic analysis for the Green River 
prepared by HDR (Maywood Bridge - Green River Hydraulic Analysis, for Tacoma 
Public Utilities, June 1998). With an estimated drainage basin area for May Creek of 1.4 
square miles, the calculated loo-year flow is 232 cfs. 
The span and rise dimensions for a bottomless culvert were computed based on 232 cfs. 
Assuming an arch configuration with the span distance twice as long as the arch rise, a 
12-foot span and 6-foot rise is adequate to convey 232 cfs. A bottomless culvert with an 
additional 2 feet of rise was selected to allow a 2-foot bury depth of the culvert and the 
footing for SC&-. Therefore, a 16-foot span and a 8-foot rise was selected. Footing will 
be designed to control local scour and the recreation of perched conditions. 
During construction, the existing culvert will be retained for a temporary creek diversion 
and then removed. A low flow temporary creek crossing will be required (refer to 
Temporary Construction Fly By Drawing, Figure No. 9). 
Drawings of typical riparian corridor plantings, BPA corridor plantings, and creek 
modifications appear in the Creek Details, Figure No. 10. Plantings should occur within 
the approximately 700 foot wide Bonneville Power Administration (BPA) corridor, 650 
feet upstream of the culvert. Plantings include a combination of shrubs, coniferous and 
deciduous trees to be planted in natural random clusters. Water fluctuation zone plants 
Will further reduce water temperatures, increase dissolved oxygen levels, and bind the 
soil. Pacific willow and red alder, are to be staked in the water fluctuation zone along 
channel side slopes at a maximum ninety degree angle. Quantity calculations for all 3 
plant types in the water fluctuation zone (2 staking plants and slough sedge) were based 
upon a 3 row zone with one row of each type with plants 2-feet center to center and rows 
1 to 2 feet apart and staggered., Each row, however, should be a random rnix of the plant 
types. Low canopy plantings appropriate within the Bonneville Power Administration 
(BPA) corridor include shrubs and low height trees such as Scouler Willows. 
Modifications to the creek channel consist of placement of large woody debris and 
spawning gravel for 100 feet upstream of the culvert. 
For construction quantity estimate purposes, placement ,of one piece of large woody 
debris every two stream widths was assumed. Streams were assumed to be about 12.5 
feet wide (survey data is not available). 

Cost Items and Quantities 
Construction line items and quantities are shown in the MCACES portion of the attached 
engineering appendix. The table was developed as a standard to be used for all of the 
sites. As such, some of the line items are not applicable to May Creek and are left blank. 
Major items such as the culvert structure, excavation, fill, and restoration are listed along 
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with a contingency and sales tax. Quantities were calculated based on the information 
obtained in the previous site investigations along with HDR’s site visit. Given the extent 
of survey, geotechnical, hydrologic, and hydraulic information available at this time, a 40 
percent contingency has been applied to the estimate. 

Conclusions and Recommendations 
The May Creek Site can be cost-effectively restored via a bottomless culvert, plantings, 
and adding large woody debris and spawning gravel. During Advanced Engineering and 
Design (AED), we recommend that a detailed site survey, geotechnical investigation, and 
hydrologic/ hydraulic analyses be conducted. Furthermore, a LWD security analysis, and 
evaluation of scour and riprap grade control -to prevent recreating perched conditions- 
will be completed prior to construction. Also, Placing of the new arch culvert in the same 
aligmnent as the existing culvert while providing appropriate temporary diversion and 
care of flow in the creek may also be an AED task. Additionally, if there is an existing 
access road that crosses the creek upstream of the culvert to be replaced, then the 
potential for adding more large woody debris and spawning gravel upstream should be 
examined. 
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SITE NO. 45 

GREEN-DUWAMISH RIVER ECOSYSTEM RESTORATION FEASIBILITY 
STUDY 

PROJECT DESCRIPTION AND WRITE-UP 

Site Designation: Site No. 2 - Maywood Creek - Culvert Replacement 

Location 
Site is a perched culvert on Maywood Creek tributary to the Green River located on Road 
5530 at Milepost 19.5 approximately 2,000 feet upstream of the confluence with the 
Green River. The confluence is upstream of the Corps’ Howard Hansen Dam on Tacoma 
Public Utilities property. Refer to site location map, included in the Maywood Creek Site 
Plan, Figure No. 2. 

Site Constraints/Problems 
The existing 48-inch diameter culvert is perched 2.6 feet and prevents upstream fish 
passage. The existing stream channel width is approximately 5 to 8 feet wide. Correcting 
fish passage blockage and enhancing upstream habitat will open up approximately one 
mile of spawning and rearing habitat. The upstream habitat would benefit from plantings 
in the riparian corridor, especially where the creek passes underneath the BPA 
Transmission Line Corridor. 

Project Goals 
The proposed project would eliminate the perched culvert condition and allow for fish 
passage into the upstream reach of Maywood Creek. Upstream habitat improvements 
would include plantings in the riparian corridor and placement of large woody debris and 
spawning gravel in the creek. Coordination with BPA will be required to’ ensure that the 
proposed plantings will remain in place as part of BPA’s Tra+nission Line Corridor 
maintenance program. 

Proposed Solutions 
The following three alternatives were considered in selecting the proposed project: 

u Alternative No. 1 - No Action: No modifications to the existing perched culvert. 
Fish passage would remain blocked. 

n Alternative No. 2 - Bottomless Culvert: Replace the existing 48-inch diameter 
circular culvert with a bottomless culvert adjacent to the existing culvert. The creek 
channel would be re-routed through the new culvert with the natural channel gradient 
maintained. Vegetate the upstream riparian corridor to provide shading and place 
large woody debris and spawning gravel in the upstream reach to provide habit- 
forming structures. 

m Alternative No. 3 - Bridge: Replace the existing 48-inch diameter circular culvert 
with a bridge. The creek channel would be re-routed through the bridge with the 
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natural channel gradient maintained. Vegetate the upstream riparian corridor to 
provide shading and place large woody debris and spawning gravel in the upstream 
reach to provide habit-forming structures. 

Recommended Plan 
The no action alternative will not achieve the project goals and is not a viable option for 
this site. However; both Alternative 2 and 3 can achieve the project goals. Bottomless 
culverts are the cost-effective alternative if the culvert span distance is less than 20 feet. 
The.conceptual design for Alternative No. 2 is recommended and is depicted in the 
Maywood Creek Site Plan, Figure No. 2. The span distance required to convey the 
calculated flow for an approximately loo-year storm was determined. The loo-year flow 
for Maywood Creek was roughly calculated using an empirical formula developed in a 
previous hydraulic analysis for the Green River prepared by HDR (Maywood Bridge - 
Green River Hydraulic Analysis, for Tacoma Public Utilities, June 1998). With an 
estimated drainape basin area for Mavwood Creek upstream of the site of 1.1 square 
miles, the calculated loo-year flow is 188 cfs. 
The span and rise dimensions for a bottomless culvert were computed based on 188 cfs. 
Assuming an arch configuration with the span distance twice as long as the arch rise, a 
12-foot span and 6-foot rise is adequate to convey 188 cfs. A bottomless culvert with an 
additional 2 feet of rise was selected to allow a 2-foot bury depth of the culvert and the 
footing for scour. Therefore, a 16-foot span and a 8-foot rise was selected. Footing will 
be designed to control local scour and prevent recreation of a perched culvert condition. 
During construction, an existing logging road will be used to detour traffic. The road 
bypasses the site to the north and formerly had a bridge crossing at Maywood Creek. 
Because the bridge was washed out, a temporary creek crossing will need to be provided 
(refer to Temporary Construction Fly By Drawing, Figure No. 9). The existing culvert 
will be retained for a temporary creek diversion during construction, and then removed. 
Drawings of typical riparian corridor plantings; BPA corridor plantings, and creek 
modifications appear in the Creek Details, Figure No. 10. The l-mile long reach 
upstream of the existing culvert is to receive plantings. The first 400 feet of this reach are 
under BPA powerlines. Plantings include a combination of shrubs and coniferous and 
deciduous trees to be planted in natural random clusters. Water fluctuation zone plants 
will further reduce water temperatures, increase dissolved oxygen levels, and bind the 
soil. Pacific willow and red alder, are to be staked in the water fluctuation zone along 
channel side slopes at a maximum ninety degree angle. Quantity calculations for all 3 
plant types in the water fluctuation zone (2 staking plants and slough sedge) were based 
upon a 3 row zone with one row of each type with plants 2-feet center to center and rows 
1 to 2 feet apart and staggered. Each row, however, should be a random mix of the plants 
types. Low canopy plantings appropriate within the Bonneviiie Power Administiation 
(BPA) include shrubs and low height trees such as Scouler Willows, 

Modifidations to the creek channel consist of placement of large woody debris and 
spawning gravel for 100 feet upstream of the culvert. For construction quantity 
estimating purposes, placement of one piece of large woody debris for every two stream 
widths was assumed. Streams were assumed to be about 12.5 feet wide (survey data is 
not available). 
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Cost Items and Quantities 
Construction line items and quantities are shown in the MCACES portion of the attached 
engineering appendix. The table was developed as a standard to be used for all of the 
sites. As such, some of the line items are not applicable to Maywood Creek and are left 
blank. Major items such as the culvert structure, excavation, fill, and restoration are 
listed along with a contingency and sales tax. Quantities were calculated based on the 
information obtained in the previous site investigations along with HDR’s site visit. 
Given the extent of survey, geotecbnical, hydrologic, and hydraulic information available 
at this time, a 40 percent contingency has been applied to the estimate. 

Conclusions and Recommendations 
The Maywood Creek Site can be cost-effectively restored via a bottomless culvert and 
plantings. During Advanced Engineering and Design @ED), we recommend that a 
detailed site survey, geotechnical investigation, and hydrologic/hydraulic analyses be 
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evaluation-to prevent recreating perched conditions-will be completed prior to 
construction. Placing of the new arch culvert in the same alignment as the existing culvert 
while providing appropriate temporary diversion and care of flow in the creek may also 
be an AED task. Additionally, if there is an existing access road that crosses the creek 
upstream of the culvert to be replaced, then the potential for adding more large woody 
debris and spawning gravel upstream should be examined. 
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SITE NO. 46 

GREEN-DUWAMBH RIVER ECOSYSTEM RESTORATION FEASIBILITY 
STUDY 

PROJECT DESCRIPTION AND WRITE-UP 

Site Designation: Site No. 6 - Gold Creek - Culvert Replacement 

Location 
This perched 84inch, 80-foot long CMP is located under Road 3703 at miiepost 24.75 
and lies next to a concrete culvert of 54-&h diameter. The existing stream channel width 
is approximately 10 to 14 feet wide. The creek is tributary to the Green River. The 
confluence is upstream of the Corps’ Howard Hansen Dam on Tacoma Public Utilities 
property. Refer to site location map, included in the Gold Creek Site Plan, Figure No. 6. 

Site Constraints/Problems 
Flow was relatively high and slopes were steep. Large woody debris upstream, and 6 to 
8-inch cobbles downstream, suggest a large drainage basin, as confirmed by subsequent 
delineation on topographic maps. A cement lined culvert which conveys little flow lies 
next to the CM? which conveys most flow at this site. Fish cannot migrate upstream 
because the CM? is perched by about 8-inches. The stream upstream of the culvert 
would benefit fiom adding a diversity of biological structure. 

Project Goals: 
The proposed project would eliminate the perched culvert condition to allow for fish 
passage in the upstream reaches of Gold Creek. The habitat upstream of the culvert 
would be improved with the addition of large woody debris for 100 feet. 

Proposed Solutions: 
The following three alternatives were considered in selecting the proposed project: 

m Alternative No. 1 - No Action: No modifications to the existing perched culvert. 
Fish passage would remain blocked. 

m Alternative No. 2 - Culvert Replacement: Replace 54-inch diameter culvert with a 
bottomless arch of larger size; The creek channel would be routed through the new 
culvert with the natural channel gradient maintained. Place large woody debris 
upstream of culvert. 

m Alternative No. 3 - Bridge: Replace culvert with a 45-foot bridge. The creek channel 
would be routed under the bridge with the natural channel gradient maintained. Place 
large woody debris upstream of culvert. 
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Recommended Plan 

The no action alternative will not achieve the project goals and is not a viable option for 
this site. However, both Alternative 2 and 3 can achieve the project goals. Bottomless 
culverts are the cost-effective alternative if the culvert span distance is less than 20 feet. 
The span distance required to convey the calculated flow for an approximately loo-year 
storm was determined. The loo-year flow for Gold Creek was roughly calculated using 
an empirical formula developed in a previous hydraulic analysis for the Green River 
prepared by HDR (Maywood Bridge - Green River Hydraulic Analysis, for Tacoma 
Public Utilities, June 1998). With an estimated drainage basin area for Gold Creek of 2.8 
square miles, the calculated loo-year flow is 424 cfs. 
The span and rise dimensions for a bottomless culvert were computed based on 424 cfs. 
Assuming an arch configuration with the span distance twice as long as the arch rise, a 
14-foot span and 7-foot rise is adequate to convey 424 cfs. A bottomless culvert with an 
additional 2 feet of rise was selected to allow a 2-foot bury depth of the culvert and the 
footing for scour. Therefore, a 18-foot span and a g-foot rise was selected as the cost- 
effective solution. The conceptual design for this structure is depicted in the Gold Creek 
Site Plan, Figure No. 6. 
Remove the existing 4.5-foot culvert and replace with bottomless arch. During the fust 
stages of construction, the existing 84-inch culvert will be retained for a temporary creek 
diversion in order to avoid removal costs and in-stream construction. Prior to placing the 
bottomless arch, the 84-inch culvert will be removed. A low flow temporary creek 
crossing will be required (refer to Temporary Construction Fly By Drawing, Figure No. 
9). A riprap grade control with a low flow notch would be placed downstream of this new 
culvert. Footing will be designed to control local scour and prevent recreation of perched 
culvert conditions. 
Drawings of creek modifications appear in the Creek Details, Figure No. 10. 
Modifications to the creek channel consist of placement of large woody debris for 100 
feet upstream of the culvert. 
For construction quantity estimating purposes, placement of one piece of large woody 
debris every two stream widths was assumed. Streams were assumed to be about 12.5 
feet wide (survey data is not available). 

Cost Items and Quantities 
Construction line items and quantities are shown in the MCACES portion of the attached 
engineering appendix. The table was developed as a standard to be used for all of the 
sites. As such, some of the line items are not applicable to Gold Creek and are left blank. 
Major items such as the culvert structure, excavation, fill, and restoration are listed along 
with a contingency and sales tax. Quantities were calculated based on the information 
obtained in the previous site investigations along with HDR’s site visit. Given the extent 
of survey, geotechnical, hydrologic, and hydraulic information available at this time, a 40 
percent contingency has been applied to the estimate. 

Conclusions and Recommendations 
The Gold Creek Site can be cost-effectively restored via a bottomless culvert, large 
woody debris, and spawning gravel. During Advanced Engineering and Design (AED), 
we recommend that a detailed site survey, geotechnical investigation, and 
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hydrologic/hydraulic analyses be conducted. Also, prior to construction, a LWD stability 
analysis, and riprap grade control evaluation -to prevent re-creation of a perched 
condition -must be completed. Placing of the new arch culvert in the same alignment as 
the existing culvert while providing appropriate temporary diversion and care of flow in 
the creek may also be an AEID task. 
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SITE NO. 47 

GREEN-DUWAMISH RIVER ECOSYSTEM RESTORATION FEASIBILITY 
STUDY 

PROJECT DESCRIPTION AND WRITE-UP 

Site Designation: Sunday Creek 

Location 
Sunday Creek is located in the Upper Green River Basin approximately 2.5 miles 
upstream of Lester, WA. The project site begins near the location where the Bonneville 
Power Administration (BPA) power lines crosses Sunday Creek, approximately 2.75 
miles upstream of the Sunday Creek confluence. The project extends upstream for 
approximately 2.9 miles. 

Site Constraints and Problems 
The vegetation along the project site has been removed to protect the existing power lines 
in the area. Existing hydrologic conditions probably resemble other west slope Cascade 
regimes with a seasonal hydrograph having two peaks as a result of winter rainfall and a 
second peak from rainfall and snowmelt in the spring (USACE, 1997). 

The proposed project will increase current vegetation along approximately 2.9 miles of 
tributary channel as reclaimed habitat and should not impact current flow conditions or 
increase current flood elevations. 

Riparian vegetation must stay below BPA safety limits. Coordination with BPA will be 
required to define these limits. 

Project Goals 
The project purpose is to improve salmonid habitat. This will be accomplished by 
decreasing stream temperatures by providing shade from the reestablishment of riparian 
vegetation along the riparian corridor. 

Proposed Solutions 
m Alternative 1: No Action. No modifications to the existing stream conditions. 

Habitat conditions would remain unchanged. 

‘ Alternative 2: Replant Corridor. Replant the stretch along Sunday Creek with small 
riparian type shrubs and plants to increase habitat while avoiding interference 
with BPA’s power lines. 

Recommended Plan 
Alternative 2 is the recommended alternative. Alternative 1, the No Action alternative, 
does not meet the purpose of the project and is not a viable option for this site. 
Alternatives 2, will replant the stretch along Sunday Creek. 
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The riparian planting zone should extend 100 feet on both sides of the channel. Low 
canopy plantings appropriate within the Bomreville Power Administration (BPA) include 
shrubs and low height trees such as Scouler Willows. Coordination with BPA will be 
required to ensure that the proposed plantings will remain in place as part of BPA’s 
Transmission Line Corridor maintenance program. The 3unday Creek Plan references 
rip&n drawings. The Forest Service requires the use of native plant materials for this 
site. This will require early acquisition of the material prior to planting and close 
coordination with the Forest Service. LWD will be placed in the stream in clusters 
averaging on piece every two bank.widths or about 25 feet. 

Construction Cost Items and Quantities 
Construction line costs and quantities are shown in the MCACES portion of the attached 
engineering appendix. Quantities and costs were estimated from information obtained 
during HDR’s site visit and topographical maps provided by the Corps. A 15 percent 
contingency has been added to the quantities given the bounds of the study. An 
additional 25 percent cost contingency will be added when the USACE prepares the cost 
estimate unless otherwise specified. 

Conclusions and Recommendations 
The Sunday Creek project can meet the project purpose with the recommended tributary 
improvements. The following items should be considered in the advanced engineering 
and design phase: 

1. Stream flow conditions should be evaluated to ensure that appropriate tributary 
enhancement is achieved. 

2. Project coordination with BPA. 

Figures 
Sunday Creek Plan 
BPA Planting Scheme 

References 
US Army Corps of Engineers, Reconnaissance Report, Green-Duwamish River 
Ecosystem Restoration General Investigation, Green-Duwamish River, King County, 
Washington, March, 1997 
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SITE NO. 48 

GR.EEN-DUWAMISH RIVER ECOSYSTEM RESTORATION FEASIBILITY 
STUDY 

PROJECT DESCRIPTION AND WRITE-UP 

Site Designation: Site No. 1 - North East Creek - Culvert Replacement 

Location 
This site is a perched culvert on North East Creek approximately 225 feet upstream of the 
confluence with Snow Creek. Refer to site location map, included in the North East 
Creek Site Plan, Figure No. 1. 

Site Constraints/Problems 
The existing 48-foot long pipe arch culvert is perched approximately 15 to 17 feet above 
the downstream pool and precludes upstream fish passage to roughly 2 miles of habitat. 
The existing stream channel width is approximately 10 to 15 feet wide. The Forest 
Service has funding for the construction of a bridge to replace the existing culvert at this 
location. Therefore, the Forest Service favors the bridge alternative. 

Project Goals 
The proposed project would eliminate the perched culvert condition and open upstream 
habitat access to Coho, Steelhead, and Cutthroat adults as well as certain juveniles. 
Upstream habitat improvements would include placement of large woody debris and 
spawning gravel in the creek. 

Proposed Solutions 
The following six alternatives were considered in selecting the proposed project: 

a Alternative No. 1 - No Action: No modifications to the existing perched culvert. 
Fish passage would remain blocked. 

. Alternative No. 2 - Stream Diversion and Bridge Construction in New Location 
Divert stream upstream of existing culvert. Replace culvert with a bridge at a 
location to the west of the existing culvert and meander a bypass channel to the 
confluence with Snow Creek. Place large woody debris and spawning gravel 
upstream of the existing culvert. 

. Alternative No. 3 - Stream Diversion and Bridge Construction in Location of Culvert: 
Replace culvert with a bridge and meander a bypass channel to the confluence with 
Snow Creek. Remove existing culvert and construct bridge in same location. Place 
large woody debris and spavqing gravel upstream of the existing culvert. 

a Alternative No. 4 - Stream Regrade and Bridge Construction in Location of Culvert: 
Replace culvert with a bridge and develop a series of step pools on fill to the 

173 



confluence with Snow Creek. Remove existing culvert and construct bridge in same 
location. Place large woody debris and spawning gravel upstream of the existing 
culvert. 

fi Alternative No. 5 - Stream Diversion and Culvert Replacement: Replace the existing 
culvert with bottomless arch culvert and meander a bypass channel to the confluence 
with Snow Creek. Place large woody debris and spawning gravel upstream of the 
existing culvert. 

n Alternative No. 6 - Stream Regrade and Culvert Replacement: Replace the existing 
culvert with bottomless arch culvert and develop a series of step pools on fill to the 
confluence with Snow Creek Bottomless Culvert. Place large woody debris and 
spawning gravel upstream of the existing culvert. 

Recommended Plan 
The no action alternative will not achieve the project goals and, therefore, is not a viable 
option for this site. Because the Forest Service has funding for a bridge, the bridge 
alternative was selected, and thus Alternative 2 is recommended. 
The conceptual design for Alternative No. 2 is depicted in the North East Creek Site Plan, 
Figure No. 1. 
The flow for an approximately loo-year storm for North East Creek was estimated using 
an empirical formula developed in a previous hydraulic analysis for the Green River 
prepared by HDR (Maywood Bridge - Green River Hydraulic Analysis, for Tacoma 
Public Utilities, June 1998). With an estimated drainage basin area for North East Creek 
upstream of the site of 1.7 square miles, the calculated loo-year flow is 269 cfs. 
A minimum bridge width of 50 feet, as prescribed by the Forest Service, is sufficient to 
convey a flow of 269 cfs. A low flow temporary creek crossing for vehicle access will be 
required (refer to Temporary Construction Fly By Drawing, Figure No. 9). 
For construction, we propose diverting the stream upstream of the existing culvert and 
constructing the bridge roughly 50 feet west of the culvert. During the first stages of 
construction, the existing culvert will be retained for a temporary creek diversion in order 
to avoid removal costs and m-stream construction. Prior to placing the bridge deck, the 
existing culvert will be removed. There will be adequate room to allow creek passage 
within the new bridge creek span until the bridge construction and channel re-routing is 
completed. 
Drawings of creek modifications appear in the Creek Details, Figure No. 10. 
Modifications to the existing creek channel consist of placement of large woody debris 
and spawning gravel for 100 feet upstream of the bridge. 
For construction quantity estimating purposes, the placement of one piece of large woody 
debris for every two stream widths was assumed. Streams were assumed to be about 12.5 
feet wide (survey data is not available). 

The old stream channel should be filled in as much as possible to insure road stability and 
that the new channel does not try to reoccupy the old channel. Where the old channel 
meets the existing creek there may be a small side channel that could provide high flow 
refuge. 
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Causes of downstream drop should be determined to incorporate potential invert 
adjustments into bridge support design criteria. 

Cost Items and Quantities 
Construction line items and quantities are shown in the MCACES portion of the attached 
engineering appendix. The table was developed as a standard to be used for all of fhe 

sites. As such, some of the line items are not applicable to North East Creek and are left 
blank. Major items such as the bridge structure, excavation, fill, and restoration are listed 
along with a contingency and sales tax. Quantities were calculated based on the 
information obtained in the previous site investigations along with HDR’s site visit. 
Given the extent of survey, geoteclmical, hydrologic, and hydraulic information available 
at this time, a 40 percent contingency has been applied to the estimate. 

Conclusions and Recommendations 
The North East Creek Site can be effectively restored via a 50-foot span bridge, large 
woody debris, and spawning gravel. During Advanced Engineering and Design, we 
recommend that a detailed site survey, geotechnical investigation-drilling, LWD stability, 
and hydrologic/hydraulic analyses be conducted. 
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ALL CHANNEL CONSTRUCTION 
TO BE I-STAGE CHANNEL. SEE 
TYPICAL PLAN AND SECTION 
DETAIL. FIG. NO. 12. 

LOCATE LARGE WOODY DEBRIS 
POOLS EVERY 10’ +/-. SEE 
DETAIL. FIG. NO. 14. 
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(SEE DETAILS) 3. CONSTRUCT HUMMOCKS IN 
RIPARIAN CORRIDOR. SEE PLAN 
AND SECTION DETAIL. 
FIG. NO. 15. 

20’ GRAVEL ACCESS 

UPSTREAM END DF 
SEE l-STAGE CHANNEL DETAIL 
FOR RIPARIAN PLANTING SCHEME 
PLAN AND SECTION DETAIL. 
FIG. NO. 12. 

4. 

EXISTING CHANNEL AND 
DRIVEWAY CULVERTS TO REMAIN. 

5. 

6. 

7. 

R.O.W. 

TO BE REPLACED CONTOUR INTERVALS: 0.5 METER 

THE WOODED WETLAND SECTIONS 
OF UPPER SPRINGBROOK WILL BE 
LEFT IN A NATURAL STATE WITH 
REVEGETATION CONFINED TO TH 
DISTURBED PORTION OF THE 
PROJECT ONLY. 

\MATCH EXISTING CHANNEL 
AT SR 167 R.O.W. 
REMOVE EXISTING SEDIMENT TRAP 
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TOP OF BANK 

NORMAL WATER 
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FILTER 
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MEMOfWL PARK AND SR 167 
STREAM SIDE CHANNEL DtrAlL 

FOR HIGH Bl%3i 
PUNTING SEE WILLOW 
STAJGNG DEML ON SHT. 4 

PROPOSED RIPARLAN HABITAT 

“5”1”;~~~ LTWEG OF SIDE CHANNEL 

&TH SIDES 
THALWEG OF MAIN CHANNEL 

X-SECTION B-B 
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- CDIR FABRIC I 

WOODEN STAKE 

2’-2.5’ IN LENGTH 

HANDSEED GRADED SURFACE 
BEFORE PLACING COIR FABRIC (TV.) 

2’x2%’ WOODEN STAKE 

COIR WRAP DETAIL 
NTS 

it- 
IN-STREAM SUBSTRATE 

I II ENHANCEMENT NP. 

- EXCAVATED SIDE CHANNELS 

200’ EASEMENT COORIDOR 

T/P. BANK & COIR CI 

cl 

WOODY DEBRIS 

CITY OWNED PARCEL - 

_RIPARIAN PLANTIN:? TYPICAL, WILLOW STAKES 
UM DOGWOOD STAKES7 r- 

2-x2-x18’ 
WOODEN STAKES (TV.) 

i 

COIR FABRIC REGRADE BANKS TO J:l 
HYDRO-SEED FINISHED GRADE 

16’~ COIR LOG 

APPLY HANDS 
TO GRADED S 
BEFORE COIR FABRIC 
LAYER (TW.) 

STRUCTURE ‘x3’ WOODEN STAKE 
0 c m-P.\ 

00 

P 

, . - -. - . , 
ALONG STREAM EDGE 

TYPICAL BANK AND COIR LOG DETAIL 
NTS 

DOGWOOD STAKES 
24--X5 ROCK 

I / 

‘ - 

I 
-!I 

I 

I I 

PLAN 
NTS 

76TH AVE. S. STREAM 
RESTORATION (BARNIER PROPERTY) 

COIR FABRIC BANK DETAIL 
NTS 

MAIN FLOW LINE\ 

DIREC;NG LOG,\ \ $&*“” LoG 

- \\ -- PROFILE POINT 

r PROFILE PT. 

m 75’ EASEMENT /j 75’ EASEMEN 

,FjRgFILE PT. 

h. . R’ 0 H W. CHAiNEL . n, FOR HIGH BENCH 
PLANTING SEE WILLOW 
STAKING DETAILS. 

PLAN VIEW 
- -c, Le..- 

SECTION A-A SECTION B-B 

TYPICAL LARGE WOODY DEBRIS PLACEMENT Site No. 9 
PROPOSED RIPARIAN CORRIDOR & PLANTING 

LA 

CHANNEL 

PROPOSED RIPARIAN CORRIDOR & PLANTING NTS 
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MEMORIAL PARK STREAM 
RESTORATION (LlllLE PROPERTY) 

75’ EASEMENT A A 75’ EASEMENT 

FOR HIGH BENCH 
PLANTING SEE WILLOW 
STAKING DEMILS. 

PROPOSED RIPARIAN CORRIDOR & PLANTING 

LARGE WOODY DEBRIS DETAIL tTYP.1 

APPROXIMATELY 
2’-2.5’ IN LENGTH 

RlPARlAN PLANTING!!Q-JFICAL. WILLOW STAKES 

BENCH 
CMNNEL 

TYPICAL X-SECTION A-A 
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r E TREES ND SHRUBS lN POCK- AROUND 

12’- 16’ OF STREAMSOD GRAVEL 
- . . . 

. 

6’4-7 ! 
-L 
z 

-r 
GRAVEL BAR ELEV. CONTROL 
LOGS. 3’ BELOW BENCH ELEV LIMBS (CUT BANK STRUCTURE) 

16’ DEEP (MAX.) 1 
STREAMBED GRAML 6’ MINT 

STREAMBED GRAVEL BACKFILL 

I I 34” I 
(2) ANCHOR LOGS, (CUT BANK STRUCTURE) 

-T In /Y / / /// / 

EXCAVATED SIDE 

u // / / /// / 
// //AC/ 

C;tlANNLLS - Stt 
--‘IL SHT. 6 

A, ,..*.*,-a - a-- ,, / / ,-TYP. RIPARIAN 
PLANTINGS 
SEE DEMlL _ 

INVERT STREAM BOTTOM ON GRADE -5iiY 
SEE LWD DETAlL 

SECURE ANCHOR LOGS TOGETHER WtIli MIN. 1’ 
REBAR, 0 3’ SPACING POUND INTO SUBSOIL 46. MIN. 
BEND BAR AT RIGHT ANGLE AT TOP 
(PREDRIU HOLES T~~otmi ux;s) 

LWD BANK DETAIL FOR MAIN STREAM 
NTS 

16’-24’ RAW LOG 
\ CEDAR/FIR APPROXIMATELY 

2’-2.5’ IN LENGTH 

DAYLIGHT % RE-ALIGN STREAM 
CHANNEL W/LARGE WOODY 
DEBRIS & ENHANCED SUBSTRATE 
SEE DETAILS ON SHTS. 4 & 5 

PLAN 

SR 167 &REAM 
RELOCATION 

EXCAVATE INTO BANK d’ / 
AND COVER. SHADED 
E$HOWS LOG 

VlEIy 

DEFLECTOR LOG FTH STUMP HABITAT 

WN FLOW LINE- I 

i- ^i 

I 

I 

DlRECTlNG LOG 

A 

PROflLE PCINT 

CASCADE BOULDE 
2’ TO 3’ AXIS DIAM. 

-1 c 75’ EASEMENT A A 75’ EASEMENT 
V 

I 

REMOVE INVASM PIANTS AND PLANT 

-4 WITH NAM RIPARIAN iiEGEfAlloN 
1 REMWE INVASNE PLANTS AND PlANT 

\. WITH NAM RIPARW VEGETATION 
FOR HIGH BENCH 
PLANTlNG SEE WILLOW 
STAKING DETAILS. 

PROPOSED RIPARM CORRIDOR & 

BENCH 
CMNNU 

TYPICAL X-SECTION A-A 
UTS 

A-A sEcTK>N 

TYPICAL LARGE WOODY DEBRIS PLACEMENT Site No. 9 
HIS ltWtWEHo&~*aTlrrcr,rume 

%iizlza 
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SEE STAKING mAlL AND 
SPECS FOR STAKING 

FORM 2 IN. WAlEJIING 
MOUND 

PREPARED TOf’SOlL 

FERTILIZER TABLEIS 

!sOlL CONDITIONER 
REMOVE 

IN. BARK MULCH 

EXCAVATE TREE PIT W 
SIDES, MIN 12 IN. wllf2RE 
DlAM.oFRoDTBALL TYP. RlPARlAN 

PLANTlNGS TOP 1/3OFBML Y 

EVERGREEN TREE PLANTING 
NTS 

Cl IN-STREAM 
SUBSTRATE 
ENHANCEMENT 

, BARK MULCH 

PLANT AT SAUE 
DEPlH~GRowN 

EXtX’ATE SHRUB FERTILIZER TABLEIS 

OM BURLAP FROU 
TOP l/3 OF BALL 

2 IN. 

OF RCOT BALL OR 
SPREAD OF ROOTS 

PLAN 
HIS 

S. 2l2Tl-l ST. STFIEAM 
RESTORATION 

SEE STAKING DETAlL 
& SPEC’S FOR STAKING 

2 IN. BARK MULCH 

2 IN. WATERING MOUND- 

75’ EASEMENT A A 75’ EASEMENT 
V 

r 
FOR HlGH BENCH 
PUNTING SEE Wll 
STAKING DETAILS. 

REMM INVASM PtANTS AND PlJNT 
WlTH NATNE RIPARIAN VEGEtAllON 

PREPARED TOfJSOlL 

FERTILIZER TABLEIS 

-&== Site No. 9 
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Mlu CEEK suni 212lH ST. 
ORAL-SHFLTS 

-m IYI 111) ,” 
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50’ BUFFER/EASEMENT 

REMOVE INVASIVE PLANTS AND PLANT 
WITH NATIVE RIPARIAN VEGETATION 

MILL CREEK CHANNEL 
- 

APPROX 10’ - 

50’ BUFFER/EASEMENT 

REMOVE INVASIVE PLANTS AND PLANT 
WITH NATIVE RIPARIAN VEGETATION 

<50’ BUFFER/EASEMENT 

/- LOW FLOW CHANNEL 

TYPICAL UNCONSTRAINED 
BUFFER/EASEMENT 

N.T.S. 

MILL CREEK CHANNEL 

APPROX. 10’ 

NO BUFFER 

EXISTING ROAD 

\Lr)W FLOW CHANNEL 

TYPICAL STREAM BUFFER/EASEMENT 
CONSTRAINED BY EXISTING STRUCTURES 

N.T.S. 
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r BACKflU EXCAVATION WTIH 
CSBC IN ACCORDANCE WlTli 
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NOTE SIZE TO BE DETERMINED 
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ESTIMATED 8’Wx8’H 
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2’42.5’ IN LENGTH 

LARGE WOODY DEEiIIRlS DETAIL (TYP.) 

A 

RIPARIAN PLANTINGS TYPICAL, WILLOW STAKES 

&, = FASTEN STAKE AT APPROX. l/2 
, 

3 ZlU w - . . . -* . . 

IA I T 

* ‘. D”o . I?! I I Kk STAKE, SECURE IN 
FORM r) 1” um-un UNDBlURBED SOIL +-4w - _ 
MOUNI D L “” “n’Lmw’U 1 .____ L \ (,-l\ s 2 IN. BARK MULCH 

CONDRlDNER (SE SPEC’S) 
SEE STAJUffi DEfAlL 
k SPEC’S FOR STAKING PLAN 

Nls 
SOIL 

2 IN. BARK MULCH 

2 IN. WATERING MO 

REMOVE BURLAP FROM 
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RIPARIAN PLANTINGS TYPICAL, WILLOW STAKES 

MIST. CONIFECS (DEAD) TYP. PLAN 
NTS 

GARRISON CREEK 

AS WIDE RAENT ALLOWS I 

RE-PUNT THIS AREA 

SEDIMENT DEWS 

FOR HIGH BplCH 
PUNTING SEE WILLOW 
STAKING DEMllS. 

FLOW EENCH 
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t- 

NATIVE RIPARUN MGflAllON 
FVFRGRFFN SOIL CONDlTlONER 

(SEE SPECS) 

PLANT AT YJAE PREPARED TOPSOlL 
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.$& _.. - - .‘.. - ‘Lb; UNDER CUT HIGHWAY 516 BRIDGE 
-- .“‘X. 

-- / Z PILINGS) 

RESLOPE LOWER 500’ OF CHANNEL 
TO IMPROVE FISH ACCESS (DO NOT 

-- 
NOTES: 
1. ALL CHANNEL CONSTRUCTION TO BE l-STAGE 

CHANNEL. SEE TYPICAL PLAN AND SECTION 
DETAIL. FIG. NO. 12. 

2. FILL CHANNEL TO ACHIEVE 2% GRADE. DO NOT 
UNDERCUT BRIDGE PILINGS. 

I 3. LOCATE LARGE WOODY DEBRIS POOLS EVERY 
25’ +/-. SEE DETAIL, FIG. NO. 14, PLAN AND 
SECTION DETAILS. 

4. ,I :; II’ L ~~ 1 .r ;- 
it; \, ‘, - ~’ ! LOCATE 2 DENDRITES. ALTERNATE SIDES OF , 
‘!i’ \I CHANNEL AND EXTEND DENDRITE LENGTHS TO 

, ‘,, ‘j’ GROUND. SEE FIG. NO. 151 PLAN AND SECTION DETAILS. 
,. t ;;.:.. ,_ ‘\< :. . . .-. 5. 

:. ! .-*,.-Lx -_ _.._ i L _. / .,:> -. _ _ --. CONSTRUCT HUMMOCKS IN RIPARIAN CORRIDOR, ._ ! I .- I. ., 
I I Y‘,, ‘, SEE FIG. NO. 15, PLAN AND SECTION DETAILS. 

, ‘, \ 6. , ‘~ ,’ ! \ j SEE l-STAGE CHANNEL DETAIL FOR RIPARIAN 
PLANTING SCHEME. FIG. NO. 13, PLAND AND SECTION 
DETAILS. SOME PLANTINGS MAY EXIST. FILL IN 
WHERE NECESSARY. 
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WINTER CIVG. FLOW7 

TOP OF EXISTING 

CUT SLOPE TO 
MEET TOP OF GROUND 

OTES : 
ALL CHANNEL CONS 

l TYPICAL PLAN AND 
TRUCTION TO BE l-STAGE CHANNEL. SEE 

SECTION DETAIL. FIG. NO. 12, 
CROSS SECT1 ON 

NOT TO SCALE 

PLAN AND SECTION DETAILS. 
2. 

LOCATE LARGE WOODY DEBRIS POOLS EVERY 50’ +/-. SEE 
DETAIL, FIG. NO. 14, PLAN AND SECTION DETAILS. 

3. CONSTRUCT HUMMOCKS IN RIPARIAN CORRIDOR. SEE FIG. NO. 15, 
PLAN AND SECTION DETAILS. 

3w IS(Y 0 MM 4 I 
Site No. 12 

U.S. ARMY ENGINEER DISTRICT, SEATTLE 

4. SEE I-STAGE CHANNEL DETAIL FOR RIPARIAN PLANTING SCHEME, 

I I 

MULLEN SLOUGH REACH 
SITE PLAN 5 

FIG. NO. 12, PLAN AND SECTION DETAILS. KING COUNTY WASHINGTON 
Iltl 1*111111wl la. I,LT no. D.K. n.rr 

DATE AND TIME PLOTTED: 03-AUG-2000 17:lS 
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WINTER AVG. FLOW-, .. l \ -- . . Y . 

~LDETAIL A 

n 

TOP OF BANK 
EXISTING CAHANNEL 

A 

MAIN CHANNEL 
TOP OF BANK 

PLAN -- 

I 1 r EXISTING CULVERT - I 
I =; I 

UNDER ROADWAY 

LWD 8, ROCK . ’ . I 
DIVERSION, 
(SEE NOTE 

EXISTING CHANNE& 

350’ OF EXISTING CHANNEL TO 

REMAIN UNDISTURBED 

DETAIL A 

NOT TO SCALE 

-\ ’ \ \ \ \ _-- 
\ \ __-- 

---A /I$ 
_*-- 

\ 
-\ 

__-- I 
\ I \ -0-C \ I 

I 

TOP OF BANK 1 

z ; 

y 

NOTES: 

E I 
1. ALL CHANNEL CONSTRUCTION TO BE 2-STAGE CHANNEL. SEE 

N I 
TYPICAL PLAN AND SECTION DETAIL, FIG. NO. 13, PLAN 
AND SE:CTION DETAILS. 

* I 
I 2. LOCATE LARGE WOODY DEBRIS POOLS EVERY 50’ +/-. SEE 
I I DETAIL. FIG. NO. 14, PLAN AND SECTION DETAILS. 

3. LOCATE DENDRITES EVERY ‘q MILE +/-. ALTERNATE SIDES 
OF CHANNEL AND EXTEND DENDRITE LENGTH TO TOP 
OF BANK. SEE FIG. NO. 159 PLAN AND SECTION DETAILS. 

4. CONSTRUCT HUMMOCKS IN RIPARIAN CORRIDOR, SEE FIG. 
NO. 159 PLAN AND SECTION DETAILS. 

5. SEE 2-STAGE CHANNEL DETAIL FOR RIPARIAN PLANTING SCHEME, 
FIG. NO. 131 PLAN AND SECTION DETAILS. 

DATE AND TIME PLOTTED: 03-AUG-2000 17:36 
DESIGN FILE: l $IP:~ENV1ROP4E.050~DRAWlNGS~SKETCH9.DGN 
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FIGURE NO. 6 
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51’ 



/I 2-STAGE / CHANNt.‘- 

/I I 7CONNECT TO 

TAI 
IST 
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ING 
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PLAN 

NOTES: 
1. FOR *-STAGE CHANNEL CONSTRUCTION SEE 

TYPICAL PLAN AND SECTION DETAIL. FIG. NO. 13. 

2. FOR l-STAGE CONSTRUCTION SEE TYPICAL 
PLAN AND SECTION DETAIL. FIG. NO. 13. 

3. LOCATE LARGE WOODY DEBRIS POOLS EVERY 
50’ +/-. SEE DETAIL. FIG. NO. 14. 

4. LOCATE DENDRITES EVERY ‘q MILE +/- AL TERNATE 
SIDES OF CHANNEL AND EXTEND DENDRIT’E TO 
TOP OF BANK FOR *-STAGE CHANNEL. EXTEND TO 
GROUND WHERE CHANNEL IS 1 -STAGE. 

C 

5. CONSTRUCT HUMMOCKS IN RIPARIAN CORRIDOR, 
SEE FIG. NO. 15. 

6. WHERE CHANNEL IS *-STAGE. SEE FIG. NO. 13 FOR 
RIPARIAN PLANTING SCHEME. WHERE CHANNEL IS 
l-STAGE. SEE FIG. NO. 12 FOR RIPARIAN PLANTING 
SCHEME. 

IW 0 SW oou uw 

I 
U.S. ARMY ENGINEER DISTRICT, SEATTLE 

CORPS OF ENGWEERS 
SEATW. WAYWSTON 

GREEN - OUWAMISH C.I. ECOSYSTEM 
RESTORATION FEASIBILITY STUDY 

7. SOME PLANTINGS MAY EXIST. EXTENT OF RIPARIAN 
FIGURE NO. 5 

MERL IN0 REACH 

PLANTINGS TO BE DETERMINED. SITE PLAN 
UINC COUUY wAsNINGloN 
yn -ll.bmlm 111 * Yl‘. *A 11‘ 
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\MAIN CHANNEL 
RE-LOCATION 
( 1 -STAGE CHANNEL 1 VEGETATION 

i 

PI AN -.... 
LMAIN CHANNEL 

RE-LOCAT I ON 

NOTES: 
1. ALL CHANNEL CONSTRUCTION TO BE I-STAGE 

CHANNEL. SEE TYPICAL PLAN AND SECTION DETAILS, 
FIG. NO. 12. 

2. LOCATE LARGE WOODY DEBRIS POOLS EVERY 
50’ +/-. SEE PLAN AND SECTION DETAIL, FIG. NO. 14. 

3. L.OCATE DENDRITES EVERY ‘q MILE +/- EXCEPT 
IN EMERALD DOWNS MITIGATION SITE. ALTERNATE 
SIDES OF CHANNEL AND EXTEND DENDRITE TO 
TOP OF BANK. SEE PLAN AND SECTION DETAILS, FIG. 
NO. 15. 

4. CONSTRUCT HUMMOCKS IN RIPARIAN CORRIDOR, 
SEE PLAN AND SECTION DETAILS, FIG. NO. 15. 

PLUG EXISTING 
CHANNEL. CONNECT 
OLD CHANNEL 

3W’ 15v 0 300’ mo’ 
HU L 

Site No. 15 

I U.S. ARMY ENGINEER DISTRICT, SEATTLE 

5. SEE I-STAGE CHANNEL DETAIL FOR RIPARIAN 
PLANTING SCHEME. PLAN AND SECTION DETAILS, FIG. I 
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SEATTLE, WASHINGTON 
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FIGURE NO. 7 
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NOTES : 

-I- 
:: 
H e 1. ALL CHANNEL CONSTRUCTION TO BE Z-STAGE 
0 CHANNEL* SEE TYPICAL PLAN AND SECTION Y 

:: 0 8 8 DETAIL, FIG. NO. 13. ._ : 2 : f 
z r z 

i 2. LOCATE LARGE WOODY DEBRIS POOLS EVERY 

/ 
50’ +/-9 SEE PLAN AND SECTION DETAILS, 
FIG. NO. 14. 

A 
3. LOCATE DENDRITES EVERY i/J MILE +/-. 

ALTERNATE SIDES OF CHANNEL AND EXTEND 
DENDRITE LENGTH TO TOP OF BANK. SEE PLAN 
AND SECTION DETAILS. FIG. NO. 15. 

CONSTRUCT HUMMOCKS IN RIPARIAN CORRIDOR, 
SEE PLAN AND SECTION DETAILS, FIG. NO. 15. 

SEE 2-STAGE CHANNEL DETAIL FOR RIPARIAN 
PLANTING SCHEME, PLAN AND SECTION DETAILS, 
FIG. NO. 13. SOME PLANTINGS MAY EXIST, 
FILL IN WHERE NECESSARY. 

RFTATN All HTGH QUALITY RIPARIAN HABITAT _ - ..- .-.. ..-_ ., _ -.. --. .- - 
UNDISTURBED. 
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PLAN 

I. SEE l-STAGE CHANNEL BACKWATER 
CHANNEL PLANTING SCHEME. 

2. SEE I-STAGE WOODY DEBRIS DRAWING FOR TYPICAL 
SECTION AT BACKWATER CHANNEL MOUTH. 

3. PROJECT FOOT PRINT DOES NOT INCLUDE 

?Q =. \ \\ ____ _ __ .-- --------- 

: ‘Q 

\ ,,~, \ I. ItLO PLACE RODTWADS 
\ ALONG CHANNEL AT j/y 

ii1 

1 ALTERNATING SIDES : ‘1 

CONSTRUCTION ACCESS EASEMENTS. 

1’1 l 

.I I I 
4. STREAM BUFFER TO EXTEND 50’ 

‘. 

1 AN AVERAGE OF ONE I \I 
FROM EDGES OF CHANNEL. 

A, ‘2X\ --\ ‘Q;. 
\ ‘Q, 

. \ 

w=, 

\TIUES STREAM WIDTH\ 
Ill. I \ ?\, 

/--- J -_~ --.. 

‘\‘\i 
5. INTENT IS TO CREATE AREA OF COMPLETE OVERHEAD 

+++\ 
COVER AT NORMAL WINTER FLOWS. 

\ \‘* 
1 ‘1 \A. 

\.‘A, 
+:\ 

I GRADE - 
MILL CREEK 

I BREAK7 -.. 
.\ \ /II’ !!! 

I 
F! SL 

TO 

60 

u__ INSTALL ROOT WAD 
STRUCTURES AT TOE 
OF SLOPE TO PROTECT CHANNEL 
OPENING AND ATTRACT FISH 

P OF EXISTING 

CUT SLOPE TO 

18" OF 6" MINUS------- 
MEET TOP OF GROUND 

GRAVEL 
CROSS SECT1 ON 

MDT TO SCALE 

6 

.- 
+ P 
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w 

50 

40 : -1-r: __ 40 -__T.r_C_ 

30 _ _ .\---'-- 
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CORPS OF ENGINEERS . SEATTLE, WASHINGTON 

GREEN RIVER PARK 
PLAN,PROiILE AND TYPICAL SECTION 

GREEN-DlJAUlSH G.I. 
FEASIBILITY STWY 
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- - ‘- WETLAND OR 
STREAM BUFFER 

K INC COUNTY --” WASHINGTON 
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REVEGETATED AREA 
1. SEE FIGURE 8. PLAN AND SECT1 ON DETAILS. 

‘S 
FOR l-STAGE CHANNEL BACKWATER CHANNEL 

. 
X- . - 

44.5: - .,- * 
PROPOSED CHANNEL 

‘\‘ IT I 

PLANT1 NG SCHEM. 

WETLAND OR 2. SEE FIGURE 14. PLAN AND SECT1 ON DETAILS, 

STREAM BUFFER 
FOR 1 -STAGE WOODY DEBRIS DRAWING FOR TYPICAL 
SECTION AT BACKWATER CHANNEL MOUTH. STAGGER. 

APPROX. LI MI 1 0 
ALTERNATING SI DES. WOOD PLACEkENT ALONG PROPOSED 

OF 01 STURBED 
/--I. 

0 
CHANNEL AT 2 TIMES STREAM WIDTHS. 

SOIL - 

‘5 AN” RRIISH : ‘G&&Ji 

\ G= 
\ e 3. PROJECT FOOT PRINT DOES NOT INCLUDE CONSTRUCT1 ON 

I ACCESS EASEMENTS. 

--+A\.\ 
\ 

‘\- - .‘a-. -’ 
I 

-Z 
\ x 

~42. 5 

,d 

TRAPEZOIDAL CHANNEL 

WINTER AVG. FLOW - 

TOP OF EXISTING 
GROUND 

CUT SLOPE TO 

AREA OF PROPOSED 

MEET TOP OF GROUND 

CROSS SECT1 ON A 
NOT TO SCALE 

8 

U.S. ARMY ENGINEER DISTRICT, SEATTLE 
CORPS OF. ENGINEERS 

t k-----i VEGETATI ON 
-/ DENSE TREES 

70 ---------r--------I--------,---------~--------1--------i--‘-----i--------i--------r--------i--------- 70 
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w 30 __________ i: _______; _________; ________ &NSJANT iLOPE (1!4x’ ’ .--------: LIITzzx.-i t i. ------__ --______ , 30 
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SEATTLE, WASHINGTON 

HORSEHEAD BEND 
PLAN, PROFILE AND TYPICAL SECTION 
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WASHINGTON 
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END OF PROJECT 
EXI ST1 NG CULVERT. 
EXI ST1 NG 01 SCHARGE 
POINT OF PROPOSED WETLAND 

ROOT WADS- 

BEG1 NI NG 
OF PROJEI 

REMOVE EXI ST1 NG 

FLAPGATE AND 
LA 

F 
k 
N 
ul 

I- ROOT WADS 

WINTER AVG. FLOW--, 

CUT SLOPE TO 
MEET TOP OF GROUND d \TOP OF EXISTING 

GROUND 

\I \ \ 

l- 
INSTALL ROOT WAD STRUCTURES PIT 
TOE OF SLOPE TO PROTECT CHANNEL 
OPENING AND STREAM CHANNEL 

/ 

PROPOSED BRIDGE 

I FGFNQ - 

PROPOSED CHANNEL 
WETLAND OR STREAM 
BUFFER 

100’ 50’ 0 100’ 200 
-w I 

TOP OF 
EXI ST1 NG SLOPE 

BRI DGE CROSS SECT1 ON 
NOT TO SCALE 

HOLLOW GI RDER 
CONCRETE BRI DGE 
DECK p\ TRAI L 

PILE CAP 

I 

DETAIL 

1. PROJECT FOOTPRINT DOES NOT I NCLUDE 
CONSTRUCTION ACCESS EASEMENTS. 

2. SEE FIGURE 23. PLAN AND SECT1 ON DETAI LS. 
FOR P-STAGE CHANNEL RI VERINE PLANTING 
SCHEME. P&SD FIGURE 13. 

CROSS SECT1 ON 
NOT TO SCALE 

3. SEE FIGURE 14. PLAN AND SECTION DETFIILS. 
FOR 2-STAGE WOODY DEBRIS DRAWING FOR TYPICAL 

SECTION - FIELD PLACE ALONG CHANNEL AT 
ALTERNATING SIDES. AN AVERAGE OF 2 TIMES 
STREAM WIDTH. P&SD FIGURE 14. 

\I t ------ ------ ‘y,(<[<+c 1 1 AZ I z = 1 - _ _ - - - - - - - - 1 j@g&/ 
\ 

51 

/,I 

OHW 
\ 

\ / 

/ / 
PRE-CAST CONCRETE 
PANELS 4’ DEEP 

L!- LIMITS OF 
, EXCAVATION 

EXI ST1 NG HEADWALL 
AND FLAP GATE0 
;;LkW& TO BE 1 

,I 

BOTTOM OF 
CREEK BED 

50’ 
,- 

SECT1 ON A 
NOT TO SCALE 

CROSS SECT1 ON 
NOT TO SCALE 
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EXISTING FLUME 
“.. ,,_ _ _.,-.. _ __ _ _.. _ __ _ ., ’ 

- WETLAND OR 

<..~:.$.,&~~TH ” . ., STREAM BUFFER 
A 

NOTES : 

. 
‘-\\ 

‘-- -SE 256JH” PL, 

. ~\ ‘\ ‘, 
‘-..__ 

/ . . . ‘. - _. -; ‘LIT’ ._ 

% SE ,257TH : PL 1 

1. WETLAND BOUNDARIES SHOWN ARE APPROXIMATE IN SIZE. 

SHAPE AND LOCATION (FROM B-TWELVE ASSOC.). 

WETLAND BOUNDARIES HAVE NOT BEEN FIELD VERIFIED 

AND/OR SURVEYED. DURING CONSTRUCTION NO 

MATERIAL IS TO BE PLACED IN WETLANDS. -... (_ -. ‘. \ ,~ . \ ~._ ‘,\ ‘k <I \ 

2. THE STREAM ALIGNMENT IS APPROXIMATE. BASED UPON A 

CONCEPTUAL ALIGNMENT WITHOUT CONSIDERATION OF 

PROPOSED DEVELOPMENT. THE ALIGNMENT IS SUBJECT ‘, .'.., \ '. '- I '. : : TO CHANGE PENDING REVIEW BY STAKEHOLDERS. 

3. FLUME TO BE REMOVED. 

4. SEE PROFILE DRAWING. !’ 
I B ’ 

/ > I ,. 
r--T 

SEE l-STAGE CHANNEL RIVERINE RIPARIAN PLANTING I 5. 

’ : \ SCHEME DRAW I NG. 

6. SEE l-STAGE WOODY DEBRIS DRAWING. FIELD PLACE. 

ALTERNATING SIDES. ALONG PROPOSED CHANNEL 

AT 2 TIMES STREAM WIDTHS. 

7. CHECK FOR UTILITIES PR OR TO CONSTRUCTION. 

025 02 CHANNEL BOTTOM 

DEPTH DEPTH DEPTH WIDTH 

(FTI (FT) (FT) (FT) 

Site No. 20 
TYPICAL SECTION A 2.9 2.0 3.9 10 

TOP OF EXISTING TYPICAL SECTION 6 4.5 3.2 5.5 4.0 I 
GROUND U.S. ARMY ENGINEER DISTRICT, SEATTLE 

CUT SLOPE TO CORPS OF ENGINEERS 
MEET TOP OF GROUND SEATTLE, WASHINGTON C 

MERIDIAN. VALLEY CREEK 
PLAN 111 TYPICAL SECTION 

CROSS SECTION A GREEN-OUAMISH G.I. 
NOT TO SCALE 
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EXISTING WETLANDS _, D 

L.......‘____--- L. ._____’ ___- . ..L _--. __I _.._. 3 “\-i _____‘_ ____ 

: PRDPt&ED GRiDE’ ; 

LSODS CREEK 

ALE- 
SCALE: HOR. l”=lOO’ 

VERT. I”=20 

C SE 2S6TH STREET EXISTING GRADE 
350 - - - _ - - - _,_ _ _ -. -. , _ _ _ - _ _ _,_ _ _ _ _ - _ 

-------T----..--T--- 
340 - ----.-.:.--.---~------I----.~-- 

--.-.--1--.----;-------i------- 

‘SOOS CREEK 

SCALE: HDR. l”=lOO’ 
VERT. 1”=20’ 

. . Y - SEATTLE 
CORPS OF ENGINEER; 
SEATTLE, WASHINGTON 

MERIDIAN VALLEY CREEK 
ALTERNATIVE PROFILES 

cRwtwAY!w C.I. 
FEASIBILITY STUOY 

ECOSYSTEM RESTORATION 
KIffi COUNTY WASHlNGT@~ 
II m.oo. N1 
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1 P WINTER AVG. FLOW - 

. . . . . . . . . . . . 

+j - 

PROPOSED CHANNELS 

WETLAND OR 
STREAM BUFFER 

w 1w 

PLAN 

1. 

2. 

3. 

SEE Z-STAGE CHANNEL RI VERI NE PLANT1 NGS 
SCHEE DRAWING. PLAN &ND SECTION DETAILS. 

SEE WIJOOY OEBRI S ORA’dING. STFIGGER. 

ALTERNATING SIDES. ALONG PROPOSED CHANNEL 
,?,T 2 TI KS STREAM WI OTH. PLAN AND SECT1 ON 

OETPI LS. FIGURE 14. 

SOURCE: GEOENGI NEERS ( 1’399) 

26-21 
\ 

\TOP OF EXISTING 
GROUND 

CUT SLOPE TO 
UEC’I T”P nF CRI)IINO 

CROSS SECTION A 
NOT TO SCALE 

8 

CORPS OF ENGINEERS 
SEATTLE, WASHINGTON 

LAKE MERIDIAN OUTLET 
PLAN AND TYPICAL SECTION 

MEEN-WAUISH C.I. 
FUSIBIUTY STWY + 

ECOSYSTEM RESTORATION 
KING COUNTY YASHINCTC 

mn.nmr Nln -Il. 
I” 
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BEGINNING OF PROJECT. 
PLACE WOODY DEBRIS AT STREAM WOUTH 

TO PROVIOE COVER AND NARROW FLOW 
/ 

END OF 

END OF PROJECT 
1500 FT FROM 
CONFLUENCE 

7 

HORIZ. I l”=lOO’ 
VERT. I 1”=20’ 

110 

100 

90 

80 

TO 

60 

50 

40 

L CUT SLOPE TO 
MEET TOP OF CROUNO 

CROSS SECT1 ON A 
NOT TO SCALE 

e 

TYPICAL 

- FLOW 

ROOTWAD 

TYPICAL STREAM SEGMENT 
NOT TO SCALE 

Mc!IEsi 

1. SEE 2-STAGE CHANNEL RI VERI NE 
PLANT1 NG SCHEME. P&SO FIGURE 13. 

2. SEE WOODY DEBRIS ORAWING. P&SO 
FIGURE 14. FI EL0 PLACE, ALTERNATI NG 
SI DES. ALONG PROPOSED CHANNEL 
AT 2 X STREAM WIOTH. 

3. PROJECT FOOT PRINT DOES NOT INCLUDE 
CONSTRUCTION ACCESS EASEMENTS. 

U.S. ARMY ENGINEER 6% T SEATTLE 
CORPS OF EtkINE!Ri 
SEATTLE, WASHINGTON 

OLSON CREEK 
PLAN, PROFILE AND TYPICAL SECTION 

GRLDMuupY(w. 
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REMOVE EXISTINti 
INSTALL NEW SELF 
REGULATING TIDE GATE 

EXISTiNG GROUND : 
EXI~IINL, LULVER~ 

50 .--.. _.; _____._ f ____ ___f ____ *--I -------:.. _ ____ 

.n _ _ _ 

NOTES: 

, SEE l-STAGE CHANNEL RIPARIAN PLANTING 
. . . . . . . 

PROPOSED CHANNEL 
. SCHEME, PLAN AND SECTION DETAILS, FIGURE 6. 

TOP OF CHANNEL 2. SEE WOODY DEBRIS DRAWING FOR TYPICAL 
SECTION MOUTH, PLAN AND SECTION DETAILS. 

- - _ _ _ _ _ _ _ _ PROPOSE0 DENDRITES FIGURE 14. STAGGER. ALTERNATING SIDES. 
~000 PLACEMENT ALONG PROPOSED 
CHANNEL AT IO FOOT SPACING. 

3. PROJECT FOOT PRINT DOES NOT INCLUDE 
CONSTRUCTION ACCESS EASEMENTS. 

WINTER AVG. FLOW 7 

TOP OF EXISTING 

-PROPOSED TRAPEZOIDAL CHANNEL 
1500’ I .F. 

CUT SLOPE TO ____ 
2H:lV S;iE-SLOPE 
I’ BOTTOM CHANNEL 

MEET TOP OF GROUND 

GROUND 

cPOND BOTTOM 
EL.= 30.0 

7” 

4’ i jji~ 

* w 
JO --. ‘A..........., _... _._1 n,rrcocurc 1h1 

“,rrcnLI”bL II. 

CULVERT ELEVA’ lION 
AND PROPOSED 

10 .--....: ..__.._ ;* ____ --I- ____ __ CHANNEL TO BE 

PROPOSiD CHANNiL 
ADDRESSED 

WI ____________________~.~.~~..~~.~~~~~~~~~.......~.--~--~-------------~------~~~~~~~~~~~~-~~-~~.~~.. 
‘” I------ : 
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‘Of OF BANK/LEVEE 
,-MAXIMUM SLOPE 

I c 

7 eljRCAP/COIRm BLANKET, PLANTED WITH A MIX 
OF SALMON/SNOWBERRY AND DOGWOOD 

GRAVEL FILTER 

TOPSOIL 

BACKFILL’ w^,,^, “.\xp 

OUARRY SPALLS 

12’ - 15’ LENGTH 
- 2’TRUNK DIAMETER 
PLACED 0 25’ INTERVALS 

EXISTING OVERSTEEPENED BANK -/ 
yt’m 

EXCAVATION LIMITS 1 L RIPRAP TOE 

OPTION 1 
SECTION AT ROOTWAD - FOR LEVEED BANK 

MAXIMUM SLOPE = l.5H : IV 
PREFERED SLOPE q 5H : I V 

BENCHES, COVERD WITH BURLAPICOIR BLANKET 
AND PLANTED WITH SALMON/SNOWBERRY AND 

GRAVEL FILTER 

OUARRY SPALLS 

EXISTING OVERSTEEPENED BANK 

EXCAVATION LIMITS-/ vRIPRAP TOE 

OPTION 2 
SECTION AT ROOTWAD - FOR NON-LEVEED BANK 

TYPICAL 100 FOOT SECTION 

50’ SPACING 

BENCHED SLQPE %J. NbN-&&ED ‘STR~TCiES 
. . . . . 

OF ,THE’ktVEi,; ;: ,.. ..‘_ ., : ., ,, ., ; ,.‘: : ,; .,. 
,:, 

.’ ., :. ..‘. :’ ‘. .,,: ,,,,,.... . . 

TOP OF BANK 

OPTION 2 - PLAN VIEW 
TYPICAL BANK REHABILITATION 

PROJECT DESCRIPTION -> 
STABILIZE EXISTING BANK THAT HAS BECOME OVERSTEEPENED DUE TO 
UNDERCUTTING BY PLACING LARGE WOODY DEBRIS. RIPRAP, AND PLANTINGS 
INCLUDING: WILLOW CUTTINGS, SALMONBERRY, SNOWBERRY, AND GRASS. 

OUANTITIES ARE GIVEN FOR A 500 FOOT BANK REHABILITATION SITE (IO X 50 FT 
SECTIONS). 

HEIGHT OF BANK IS I5 FEET ABOVE CHANNEL BOTTOM. 
INCLUDE 10% OUANTITY CONTIGENCY. 

EXCAVATION - 2400 CY 

ROOTWAD - 21 EACH, CEDAR, HEMLOCK, SPRUCE, OR FIR ONLY. (EVERY 50’ FOR 1000’ IN 
A 5 MILE REACH) 

OUARRY SPALLS - 1500 CY 

RIPRAP - 1000 CY, CLASS IV 

BACKFILL - 1500 CY, USE EXCAVATED MATERIAL. 

GRAVEL FILTER - 500 CY 

TOPSOIL - 1500 CY (FOR BENCHED SLOPE INCREASE TO 2200 CY) 

WILLOW CUTTINGS - 1000 EACH 

BURLAP/COIR BLANKET - 2800 SY (FOR BENCHED SLOPE INCREASE TO 4000 SY) 

SALMON/SNOWBERRY - 500 EACH (FOR BENCHED SLOPE INCREASE TO 750 EACH) 

Site No. 24 

NOT TO SCALE 

REDUCED TO 50% OF FULL SIZE 

U.S. ARMY EkGlNEER DISTRICT, SEATTLE 
CORPS OF ENGINEERS 

SEATTLE WAWINGTON 

4 
A 

.6:57 941 AN5 -,hli P.S’YEO: 09.A”5-2000 
r=-) 

3~5 ihi r,iE: :**e~.g"**'n~g~0C;"0a~~~r~~0a"Qr~e~26Si~e~.aQ~ 

2 

MAINSTEM MAINTENANCF 

TYPICAL CROSS SECTIONS 
X SIZC ,““,l,.,h a ml a. 

F3- I 
“r.:. I cr T.C. 



PORTER LEVEE SETBACK-PLAN VIEW 
SCALE: I” = 100’ 

PRELIMINARY OUANTITY ESTIMATE: 

I I I 
I 

EXCAVATION 12.000 CY 

IW 50’ 0 
I* = IW YYI-IHI-I 

loo’ 2w 
FILL 17,500 CY 

RIPRAP 8,000 CY 

TOPSOIL 1,000 CY 

GRAVEL I.150 CY 

Site No. 25 

OATE AND TIME PLOTTED: 04-OCT-2000 14:33 
DESIGN FILE: i:CdesIgnsCmsgdCcIvCmsgdCS~.d~~ 

U.S. ARMY ENGINEER DISTRICT, SEATTLE 
CORPS OF ENGINEERS 

SEATTLE, WAWNGTON 

GREEN/DlJWAMlSH RIVER HABITAT RESTORATION 

PORTER LEVEE SETBACK 

KING COUNTY WASHINGTON 
WI I lnvll.110110 I,*. D I Dam 1 Rrr, 

D xx-xx xx-xx 99AlJGl5 C-I 
DIU I- l7.F -’ 12 

'T: 
i - L- I 



.- 
.,’ 

L-1 

TOP OF LEVEE (EL 
84’. TOP WIDTH 15’)1 

L LEVEE EMBANKMENT 

\ 
SURFACE 

ROCK TOE J 

LEVEE SECTION (TYP) 
NOT TO SCALE -@ 

TOP OF LEVEE 04’ 

RIPRAP LAYER 

\ 
\ 

\ ROAD EMBANKMENT 
. 

\ 
\ - EXISTING GROUND SURFACE . 

\ 
\ 

\ 
\ 

\ 
\ 

EXISTING GROUND SURFACE 

REVETMENT SECTION (TYP) 
NOT TO SCALE 

4 3 1 

DATE AND IIYE PLGTTEcb Ol-FEE!-?000 10:45 
DESIGN FILE: ,:r:Fs;g”5,3J~drc,“,~~g~~~o~.~~” 

2 

U.S. ARMY ENGINEER DISTRICT, SEATTLE 
CORPS OF ENGINEERS 

SEATILE. WASHWTON 

CREEN/DUWAMISH RIVER HAElTAi RESTORATION 

PORTER LEVEE CIVIL DETAILS 

KING COUNTY WASHING1 
LlIl 1.11.110 m. 1.1 0 B.‘,, 
D 11.11 xx-xx 99AUGIS . 

Iw. PWN 0. DAF I*(” I4 

I I 

-.._...______--_-__.~. .._.... _____--.--__---------------~-.-~------ ._..- -- ._--. -- Site No. 25 



- 

C 

KAECH POND CONNECTION , ;., 
SCALE: I” = 100’ 

TOP OF EXISTING -I..<” 

-1-j 0.. ,,, :y;:,, 1.:; ,,..., :’ . . . . . 1:: .[I ::;: 

. . .._ “. .,. “... 
./ “.. 

GRAVEL ON CHANNEL 

MS&l~~ GROUND 

~~p~~~L ,Nv~T~~ EFL INVERT 

IO’ 

POND OUTLET CHANNEL CROSS-SECTION 
POND OUTLET CHANNEL-PROFILE 

SCALE: I” = 100’ 

NOT TO SCALE 

DATE AND TIME PLOTTED: 07-AUC-2000 1502 
 ̂ ~~~ 

DESIGN FILE: I:P*eSi~nS*mSOdCCIVI~=*~~~~~.a~n 
7 

..____.-------- 
___... .._..._..-... L.....~.~.~~.~~....~...~-...~..-------------~..--------------~--------~------------------~-------------------- 

PRELIMINARY QUANTITY ESTIMATE: 

I 1 QUANTITY 1 I 
2,650 CY I EXCAVATION 

FILTER GRAVEL 

RDOTWADS 

RIPRAP 

COIR FABRIC 

TOPSOIL 

315 CY 

8 EA 

340 CY 

570 SO. YRD. 

90 CY 

NOTES: 
1. FOR PLANTING DETAIL, SEE FIGURE \2, 

PLAN AND SECTION DETAILS. 

Site No. 26 

I 
IW 5(Y 0 IDW 2w 

I. = ,o(y YCIHYY / 

U.S. ARMY ENGINEER DISTRICT. SEATTLE 
CORPS OF ENGINEERS 

SEATTLE. WASHNGTON 

GREEN/DUWAMISH RIVER HABITAT RESTORATION 

KEACH POND IMPROVEMENTS 

KING COUNTY WASHINGTC 
,we nMr.1101 *o. 1111 m. m.t, %a 

D xx-xx xx-xx 99AUGl5 C- 

D* PWN os DAF -’ 2 



/ 
GREEN - DUWAMISH RIVER ECO;YSTEI 

PROJECT ~o.ZNl647 

RESTORATION FEASIBILITY STUDY 
,bPPAO”EO: W. Kor-Q OATE:Z/OO 

PROJECT KING COUNTY DEPT. CF NATURAL RESOURCES RAY CREEK 
MANAGER: D. AI thO”St3r DPTE:2/DO PAM BISSONNETTE. DIRECTOR 

SUiiFACE WATER - ENGINEERING AND ENVIRONMENTAL SERVICE: 

SITE PLAN SHEET 1 
DESIGNED:A. Ccr~son. K. Goto, 8. Bc&~o 

X 
DRAWN: E. MOCK innor, 

X x 
3~TE,2/00 .- 

i lyjx( 

I 
/ I x 

x 

A 

1 

i 

Site No. 21 



Site No. 27 

GREEN - DUWAMISH RIVER ECOSYSTEM 

RESTORATION FEASIBILITY STUDY 

RAY CREEK 33 

SITE PLAN SHEET 2 

X x X X X 
Y Y x 

- 



100’ BUFFER (EASEMENT) q 1 cc’ BUFFER (EASEMENT 1 
a n ww n w 

REMOVE INVASIVE PLANTS AND PLANT 
WITH NATIVE 

P’ 

RIPARIAN VEGETATION 

11 

Ii 

‘-LOW FLOW CHANNEL 
(REMOVE FINE SEDIMENT 
WHERE NECESSARY) 

CR 

REMOVE INVASIVE PLANTS AND PLANT ’ 
‘p WITH NATIVE RIPARIAN VEGETATION 

I 

TYPICAL SECTION N.T.S. 

WINTER AVG. FLOW 

TOP OF EXISTING 

SLOPE TO 
h’rr-T TOP OF GROUND Ivlt t I 

OSS SECTION 

/FENCE 

-FLOW 

7 

ROOTWAD 

TYPICAL STREAM SEGMENT 

f 

TYPICAL L.htD. DETAILS N.T.S. Site No. 27 

LOCAT IOhS TO BE DETERM:NED 

PROJECT ~0.2P1647 

APPROVED:D. Althauser 

PROJECT 

MANAGER: W. Kara 

GREEN - DUWAMISH RIVER ECOSYSTEM 
RESTORATION FEASIBILITY STUDY 

DATE:XxX 

KING COU~KTY DEPT. OF NATURAL RESOURCES RAY CREEK 
;ATE:XXX 

I 
PAN BISSONNETTE. DIRECTOR TYPICAL SECT I ON 

ECDLOGIST~. Goto. A. Co-8ser. E. ~O~+XF 

jS,;WE \r,ATCQ - ENG:kE:R:hG AND E!~VIRS!JMENTAL ;ERV;CES 
x j INYIT;ION 10. rlit No. x 

I 51ZL WIL: PLAN 

DRAWN: E. MacK;mo- 

X x 1 
DrTE:xxr 

I 

I DXh. y c*x. y IYLLl x 
/ 

oE;sGh F’?E, ::0drs,l~56m59d0Civ~~~~~?,,~~, 0,~c.d~~ 0411 AU TIMr PLO:‘Lo: 09 AUC-mo(1 16:OO 
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92.4 
::: :‘:. 9 4 . 6 

;. 

i.,,.. 

: g3-6 N i.07000 
,:’ 94.5 

. : ‘: ..‘.. . . . . . ., ._, 
. . ,. 

:, . ‘_ 
” ‘.i , 92.9 

93.9 ‘: ., 
95.3 f 95.3 

:‘:. 9 7 . 0 

‘.’ ., ,.. ,: 
CONSTR~CTlON/MAlN~~~~NCE 

.’ -0;4 ACRES 

98.5 

.,‘I ‘;* ‘*, _: ; : 

: . . ..I’ - ; I ‘., 93.7 : 
“ ; : 94.4 : i ‘94.5 m 94.4 
: ‘T _, 94.6 

:. : .A, .. : i 

L-- . . . . . 
:_.- 

‘::;y,‘, 

., ‘. 4”*,. ,, :.;y\ 
g4. 7 

: 89. 2 
:’ . ;*. - ) 

CY,CTIklP YCTl r\B.,n ADCAT ,.-‘, 96.5: ncr 

y TACOMA 

94.6 t 
PRELIMINARY OUANTITY ESTIMATE 

CHANNEL I 

EXCAVATION 

92.1 
:. 

..’ ‘. 

-.. ,’ 

.’ 97.4 
92.4 

94.8 ,: % 3 

-P 
e 

96.0 
94.5 

I 

FILTER GRAVEL1 190 CY i FILTER GRAVEL I50 CY 

RIPRAP I 200 CY 

ROOTWADS 5 

WILLOWS 885 SF/l00 EA. 

TOPSOIL 70 CY 

N 1 06000 

I 

COIR FABRIC 1 3,200 SF 

CHANNEL 2 PROFILE 

HAMIKAMI LEVEE BREACH 
SCALE: I” = 100’ 

INVERT EL OF 
CHANNEL=88.5 

CHANNEL I PROFILE 

INVERT EL OF 
INVERT EL OF 
CHANNEL=89 + + 

STATION 

STATION 1 
L - INVERT EL OF 

CHANNEL=87.5 

U.S. ARMY ENGINEER DISTRICT, SEATTLE 
CORPS bF ENGINEERS 

YAlllE. WAsliNGloN 

CREEN/DUWAMISH RIVER HABITAT RESTORATION 

HAMIKAMI LEVEE BREACH 

CONNECTION CHANNEL CROSS-SECTION KING COUNTY WASHINGT 
un .,.*.!.a uz rr, 10 O.l‘l 
D X1.11 xx-xx 99AUGIS i 

__~ A- 
‘. PWN I *- nAF SNll , 

DA-I AND TIM PLOTTED: 03-FE0-2000 
NOT TO SCALE 

CES ‘,Y FILE: I:~aes;qns#msqdecivrmsqdcsOb.~Q” 
- 

Site No. 28 
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CHANNEL PROFILE 8 cl 

+ + A 

STATION 

PRELIMINARY OIJANTITY ESTIMATE: 

I 1 QUANTITY 1 I 

FILL: I70 CY 

EXCAVATION 5,600 CY 

GRAVEL 300 CY 

CLAY (IF NECESSARY) 230 CY 

LARGE ROCKS (l2’-169 I5 EA 

ROOTWAOS IO EA 

TURLEY LEVEE - PLAN 
SCALE: I” = 100’ 
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Site No. 29 

U.S. ARMY ENGINEER DISTRICT. SEATTLE 
CORPS OF ENGINEERS 

SEATTLE, WAWNGTON 

CREEN/OUWAMISH RIVER HABITAT RESTORATION 

03000 
LARGE ROCKS 
TO BREAK UP FLOW 

TURLEY LEVEE 
I CHANNEL SECTION (TYP) 

NOT TO SCALE KING COUNTY WASHINGTON 
ea *ml.nmNl Iiutm OARI 

DATE AND TIME PLOTTED: 04.OCT.2000 14:29 
D xx-xx xx-xx 99AlJGl5 c”-; 

DESIGN FILE: I:PaesignsPmsgdCcivCm~gdcsOQ.d~n - PWN - DAF -’ ( 
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KRaoowvwPl.OFNhluw-RBBOUI&B 

PAU BISSONNEilE, DIRECTOR 

SURFACE WATER .- DJCtNEERINC AND ENvlRONMENTAL SERV~~Z~ES 

LONES LEVEE --- 

SITE PIAN 

Site No. 30 



L 

12’ MAINTENANCE RD. ‘---\ /50’EASEMENT 

LAND LOCKED 
100 SIDE CHANNEL 

BACKFILL WITH 
NATIVE SOILS 

EXISTING LEVEE 
AND ROCK FACING 
TO BE REMOVED 

GREEN 
OHWM 

RIVER 
K7 

i- ROCK FACING 

LONES LEVEE 
-TYPICAL SECT104 

NOT TO SCALE 

PROJECT NO. 2Ela7 

-0~ 0. Akhauser P.f. OAE1/00 
PRO&XT 
UMACER: D. Althawor P.L DAlE2/00 

Ecoux;Im: A. Sbnkum P.E. DATEIL/oo 

DRAWN: l,J,W&mL(ad(lnnan.DAE2/OO 

KFJQcuNYDEpT.oFN4Tuw,- 
PAM BISSONNEITE, DIRECTOR 

SURFACE WAfER - ENGINEERING AND ENVlRONMENTAL SERVICES 

U.S. ARMY ENGINEER DISTRICT, SEATTLE 
CORPS OF ENGINEERS 

SEAllIE. WASHINGTON 

GREEN - DUWAMISH RIVER ECOSYSTEM 

RESTORATION FEASIBILITY STUDY 

LONES LEVEE 

TYPICAL SECTION 
E y1111o(*D. NID. w na 
X X X X X 

-x -LX -x 

Site No. 30 q7 



,. /-.___- -.. \\ I- LEGEND 
/ .--/ .’ i 

CONIFER UNDERPlANTING 
AND EASEMENT 

.- - - - PROPERTY LINE 

11*-1*1- STREAM COURSE 

TREES 

DENSE TREES 

4-1 / 
I . 1 
.i/ 

CQRPS OF ENGINEERS 

- 
PROJECT NO. 3F1647 

APPRO~ D. Afthausor DAIEL 
PROJECT KNQcaMYDEPT.oFNATuRAL~ 
MANACER: W. Kam DATE- PAM BISSONNEITE, DIRECTOR 

DESXNED: L O’Rollinr. U. Tuna DATEM(x 
SURFACE WATER - ENGINEERING AND ENVIRONMENTAL SERVICES 

DRAWN: E.- DAlEJOO( a 

GREEN - DUWAMISH RIVER ECOSYSTEM 

RESTORATION FEASIBILIN STUDY 

BURNS CREEK 

SITE PIAN SHEET 1 OF 3 

8E -ID. NID. WE UR 
X X X X X 

‘“Lx ax. -x 

Site No. 31 



LEGEND 
CONIFER UNDERPLANTING ---v--__ 
AND EASEMENT 

--.------__ STREAM COURSE 

TO BE PLANTED 

SCALE IN FEET 

DRIVEWAY CROSSINGS 
TO BE CONSOLIDATED 

PROJECT NO.zFl647 

APPROVED: D. A I thauser 

PROJECT 

DATE:XXX 

KING COUNTY DEPT. OF NATURAL RESOURCES 
MANAGER: w* Kora DATE:XXX PAM BISSONNETTE. DIRECTOR 

DESIGNED:L. O’Rol I ins. M. TsengATE:XXX 

SURFACE WATER - ENGINEERING AND ENVIRONMENTAL SERVICES 

DRAWN: E . MOCK i nnon DATE:XXX 

U.S. ARMY ENGINEER DISTRICT. SEATTLE 
CORPS OF ENGINEERS 

SEATTLE. WASHINGTON 3’ 

I 
DSGN. x Icnr. x ) SHEET x 

DESIGN FILE: I:~deSiQns~mSgd~civcdeptnrrburnsZ.dgn DATE AND TIME PLOTTED: 09-AUC-2000 !I%*6 

GREEN - DUWAMISH RIVER ECOSYSTEE 

RESTORATION FEASIBILITY STUDY 

BURNS CREEK Site No. 31 

SITE PLAN SHEET 2 OF 3 
Sllf IN”,T*TIoN NO. Fill NO. DATE: PLI 
X x X X )I 



LEGEND 

BUFFER FENCINGlPLANTINi 

CONIFER UNDERPLANTING 

STREAM COURSE 

200 0 200 400 600 

SCALE IN FEET 

DENSE TREES 

PF76iCT ~0.2F1647 

APPRoVED:O. Althauser 0ATE:XXX 

PROJECT 

KING COUNTY DEPT. OF NATURAL RESOURCES 
MANAGER: W. Kara DATE:XXX PAM BISSONNETTE, DIRECTOR 

DESIGNED:L. O’Rol I ins. M. TSenOATE:XXX 

SURFACE WATER - ENGINEERING AND ENVIRONMENTAL SERVICES 

DRAWN: E. MacK i nnon DATE :XxX 

GREEN - DUWAMISH RIVER ECOSYSTEb 

RESTORATION FEASIBILITY STUDY 

BURNS CREEK 

SITE PLAN SHEET 3 OF 3 

X x X X X 

X X X 

Site No. ?l 
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S ITKA 
SPRUCE 

4’-5’ 
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RED 
CEDAR 

4X’ 

SHRUBS 

PACIFIC WILLOW 

RED OSIER 
DOGWOOD 

AtlL NINEBARK 

/-, OREGON 
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This plan is not based on survey 
data, but rather on the basis of 
one Visual reconnaissance. All 
figures and distances ore 
aooroximate. Note also that access 

to this site is extremely difficult OS the terrain is 
very steep and unstable. The bottom of the 
ravine is occssoble only with the aid of ropes or 
some other device with which to exit or. perhaps, 
from the opposite bank of the ravine. Extreme 
caution should be used in accessing this site. 

l ’ l m , 

l l . . ; = Native willow stakes on 3’ centers 
, ’ l . . 

= Native willow stakes on 1’ centers 

= “Living Fence” canstructed of live 
willow stakes (approx. 6” centers] 
and available organic debris (see 
plan notes) 

Plan Notes: 

The successful execution of this planting plan will 
depend upon the judgement of those installing 
the plants: they should use their discretion in 
modifying the plan as field conditions moy 
dictate. 

The objective of this plan is to plant the ‘floor’ 
of the two scarps with willow stakes in a medium 
density (3’ centers), in the hope that this may 
stabilize some of these sediments. The riparian 
area of the stream should be planted with willow 
stakes very densely (1’ centers). At a location 
near the narrowest part of the scarp (the 
‘throat’) and above the forseeable high-water 
mark of the streom, a series of live willow 
‘fences’ should be made from very densly planted 
stakes. The objective here is to form a ‘filter’ 
that will prevent at least some sediments and 
gravels from reaching the stream. The planting 
team leader should use their judgement in 
locating the ‘fences’. Effectiveness at achieving 
the filtration objective as well as potentiol 
survivability of the stakes and practicality of 
installation should infuluence site selection. 
Natural debris found in the vicinity (branches, 
logs, etc.) may also be used to ossemble the 
‘fence’. . . 

It is imperative thot these plontings be at the 
very least monitored yeorly in the spring. Very 
likely, it will be necessary to replant the scarps 
and ‘fences’ yeorly for 2-3 yeors. 
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1. SEE SPA STAGE CHANNEL RIVERINE PLANTING SCHEME. 
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PLAN AND SECTION DETAILES 
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U.S. ARMY ENGINEER DISTRICT, SEATTLE 
CORPS OF ENGINEERS 

SEATTLE, WASHINGTON 

GREEN - DUWAMISH C.I. ECOSYSTEM 
RESTORATION FEASIBILITY STUDY 

I FIRGURE NO. I 
LOCATION MAP - MILL CREEK AND 

MULLEN SLOUGH SITES 
KING COUNTY 

I I WASHINGTON 
IlIl (*111A1101 no. ‘ILC no. oAI.5 n. 



3LACK RIVER 
‘LIMP STAT 

NO SCALE 

LOWER 
SPRIN( 
REACH 

;BROO<.& 
.’ 

LOWER 
SPRINGBROO 
REACH 

I NGBROOK 

, . L- 

U.S. ARMY ENGINEER DISTRICT, SEATTLE 
CORPS OF ENGINEERS 

SEATTLE. WASHINGTON 

I GREEN - DUWAMISH G.I. ECOSYSTEM 
RESTORATION FEASIBILITY STUDY 

FIGURE NO. 2 FIGURE NO. 2 
LOCATION MAP - LOCATION MAP - 

SPRINGBROOK CREEK SITES SPRINGBROOK CREEK SITES 
KING COUNTY KING COUNTY WASHINGTO WASHINGTO 
WI WI 1111.1101 Ma ‘LL *1. 1111.1101 Ma ‘LL *1. DLTti DLTti 
0 0 xx-xx xx-xx xx-xx xx-xx 98NOV 98NOV 
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PLACE ‘300 WEIGHT COIR FABRIC OVER DISTURBED SOIL. 
PLACE BRUSH MATTRESS OVER FABRIC. 
MANUFACTURER’ s 1 NsTRucTI ONS 

PLACE LOGS ON BANKS WITH BRANCHES 

FIR OR CEDAR LOGS 
12’ TO 40’ 
IN 01 AMETER. 25’ IN LENGTH. 
ROOT WADS 4’ TO 12’ 
IN 01 AMETER 

FOOTER LOGS 

BOULDERS 1. TIM 
DIAMETER OF LOG 

EXI ST1 NG BANK. 
EXCAVATE TO PLACE ROOT WADS 
AND BOULDERS. BACK FILL, GRADE/ 
COMPACT TO MATCH EXISTING 
SLOPE/BANK 

NOTES: 
1. WOOD DEBRIS PLACEMENT SHOULD 

ALTERNATE BANKS. SPACING TO BE 
BASED ON SITE CONDI TIDNS. 

2. PLACE SOM LOGS ON BANK WITH BRANCHES. 

TYPICAL CROSS SECT1 ON 

NOT TO SCALE 

U.S. ARMY ENGINEER MSTRICT, SEATTLE 
CORPS OF ENGINEERS 
SEATTLE, WASHINGTON 

I-STAGE WOODY DEBRfS 
GREEN-DUAMISH G.I. 
FEASIBILITY STUDY 

ECOSYSTEM RESTORATION 

KING COUNTY 
FIGURE 4 

WASHINGTON 
III 11~1111(* 80. ME LI. DAK. nrrr 

MaL (K Wo 

4 I 7 + 
I 

4 
I 

2 
I 
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PLACE 900 WEIGHT COIR FABRIC OV 
PLACE BRUSH MATTRESS OVER FABRI 
MANUFACTURER’ S I NSTRUCTI ONS 

A 

AVERAGE 
WI NTER 

FIR OR CEDAR LOGS 

/ 

lEXCAVATE-/ 

12’ TO 40’ AND PLACE 

IN 01 AMETER. 25’ IN LENGTH. FOOTER LOGS 

ROOT WADS 4’ TO 12’ 
TN DIAMETER 

BOULDERS 1 l TIMES 
OIAMETER OF LOG 

C 

NOTES: 
1. WOOD DEBRIS PLACEMENT SHOULD 

ALTERNATE BANKS. SPACING TO BE 
BASED ON SI TE CON01 TI ONS. 

2. PLACE SOME LOGS ON BANK WITH BRANCHES. 

TYPICAL CROSS SECT1 ON 

NOT TO SCALE 

SLOPE/BANK 

U.S. ARMY ENGINEER CRSTRICT, SEATTLE 
CORPS OF ENGINEERS 
SEATTLE, WASHINGTON 

2-STAGE WOODY DEBRIS 

- PLACE LOGS ON BANKS WITH BRANCHES 

CUT SLOPE TO 
MEET TOP OF GROUND 

EXI ST1 NG BANK. 
EXCAVATE TO PLACE ROOT WADS 
AND BOULDERS. BACK FILL, GRADE/ 
COMPACT TO MATCH EXISTING 

GREEN-DUAMISH C. I. 
FEASIEILITY STUDY 

ECOSYSTEM RESTORATION I 
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NON- CHANNEL PLANT1 NGS ZONE NON-CHANNEL PLANT1 NGS ZONE 
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i I 
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TYPI CAL PLAN 
NOT TO SCALE 

CEDAR 
( MULCt 

PLANT1 NG LEGEND: 
DECI DUOUS TREE 
BLACK COTTONWOOD 
RED ALDER 
PACI FI C CRABAPPLE 

CON1 FEROUS TREE 
DOUGLAS FI R 
WESTERN RED CEDAR 

v/n SHRUB/TREE - WATER FLUCTUATION ZONE 

m SHRUB - UPLAND ZONE 

NON- CHANNEL PLANT1 NGS: WATER FLUCTUATION PLANT1 NGS: 
SA - SNOWBERRY SW - SCOULERS WI LOW 
RS - SALMONBERRY - RUSHES & SEDGES 
RD - RED OS1 ER DOGWOOD ; - HOOKERS WILLOW 
MA - OREGON GRAPE PW- PACIFIC WILLOW 
FC - FLOWER1 NG CURRANT 
s - SALAL 

FLUCTUATION WATER 
PLANT1 NG ZONE 

-0RDI NARY HIGH 
PLACE 900 WEIGHT COIR - 
FABRIC FROM TOP OF BANK 
TO TOE OF SLOPE. ANCHOR 
PER MANUFACTURERS 

\E”,,RY LOW . WATER 

INSTRUCTIONS. TYPI CAL SECT1 ON 
NOT TO SCALE 

NOTES: 
1. THE UPLAND PLANTINGS WILL BE A RANDOM MIX 

OF LISTED UPLAND SPECIES. 
U.S. ARMY ENGINEER DISTRICT, SEATTLE 

CORPS OF ENGINEERS 
SEATTLE. WASHNGTON 

GREEN - DUWAMISH G.I. ECOSYSTEM 
RESTORATION FEASIQILITY STUDY 

I - STAGE CHANNEL 
RIVERINE PLANTING SCHEME 

FIGURE 6 
KING COUNTY WASHINGTON 
YI mwl.1101 em, TILE m. OAm N 
D n-n XX-XX QBOCT C- 

BOL 0s. s+u’ x 



PLANT1 NG LEGEND: . I 
DECI DUOUS TREE 
BLACK COTTONWOOD 
RED ALDER 
PACIFIC CRABAPPLE 

CON1 FEROUS TREE 
DOUGLAS FI R 
WESTERN RED CEDAR NON- CHANNEL PLANT1 NGS ZONE NON- CHANNEL PLANT1 NGS ZONE 

p/A SHRUB/TREE - WATER FLUCTUATION ZONE 

m SHRUB - UPLAND ZONE 

NON- CHANNEL PLANT1 NGS: WATER FLUCTUATION PLANT1 NGS: 
SA - SNOWBERRY SW - SCOULERS WI LOW 
RS - SALMONBERRY R - RUSHES & SEDGES 
RD - RED OSIER DOGWOOD H - HOOKERS WILLOW 
MA - OREGON GRAPE PW- PACI FI C WI LLOW 
FC - FLOWERING CURRANT 
s - SALAL NON- CHANNEL 

i 

i 

PLANT1 NG 
ZONE NON- CHANNEL 

NO TREES PLANT1 NG 
ZONE 

c b 

I 

I 
, WATER FLUCTUATION < 

PLANT1 NG ZONE 

- ORDI NARY HI GH I 
WATER PLACE 900 WEIGHT COIR - \ 

I FABRIC FROM TOP OF BANK 

i 
TO TOE OF SLOPE. ANCHOR 
PER MANUFACTURERS 
I NSTRUCTI ONS. 

. - ORDI NARY LOW 
WATER 

i TYPI CAL SECT1 ON 
NOT TO SCALE 

WATER SURFACE 
NOTES: 
1. THE UPLAND PLANTINGS WILL BE A RANDOM MIX TYPICAL PLAN 

NOT TO SCALE 
OF LISTED UPLAND SPECIES. 

U.S. ARMY ENGINEER DISTRICT. SEATTLE 
CORPS OF ENGINEERS . 

SEATTLE. WASHifdGTON 

GREEN - DUWAMISH C.I. ECOSYSTEM 
RESTORATION FEASIBILITY STUDY 

2 - STAGE CHANNEL 
RIVERINE PLANTING SCHEME 

FIGURE 7 
KING CWNTY WASHINGTON 
UDT mTll..rlol*D. rncm. Dam N1(. 
D ac-xx xx-xx QBOCT C-X 

nm aa sla’ x 
DATE AND TIME PLOTTED: 07-AUG-2000 1506 
DESIGN FILE: ttSP:~ENVIROP48.050CDRAWlNGS~GrRivS~l.DCN i 

.------------------------------------------------------------------------ ---_____________________________________---------------------------.. ._.____________.___..--..............~~-.. L 



NON- CHANNEL PLANT1 NGS ZONE NON-CHANNEL PLANT1 NGS ZONE 

, 

i 
ORDINARY HIGH FLOW 

I 

i 

i 

i 8 
i 

i 

I 

i 

i 

i 

i 8 
i 

i 

i 

; 

i 

i 

( TOP OF BANK- - NORMAL FLOW 
WATER SURFACE 

TYPI CAL PLAN 
NOT TO SCALE 

PLANT1 NG LEGEND: 
DECI DUOUS TREE 
BLACK COTTONWOOD 
RED ALDER 

CON1 FEROUS TREE 
DOUGLAS FI R 
WESTERN RED CEDAR 

PACI FI C CRABAPPLE 

FA SHRUB/TREE - WATER FLUCTUATION ZONE 

m SHRUB - UPLAND ZONE 

NON-CHANNEL PLANT1 NGS: WATER FLUCTUATION PLANT1 NGS: 
SA - SNOWBERRY SW - SCOULERS WI LOW 
RS - SALMONBERRY R - SEDGES 
RD - RED OSIER DOGWOOD H - HOOKERS WILLOW 
MA - OREGON GRAPE PW- PACIFIC WILLOW 
FC - FLOWER1 NG CURRANT 
s - SALAL 

NON- CHANNEL 
* WATER FLUCTUATI ON 

PLANT--~+-%!%?] 

CE.DAR GROVE COMPO 
( MULCH TI LLED-I N) 

PLACE 900 WEIGHT CO1 R - 
FABRIC FROM TOP OF BANK 

ORDI NARY HI Gt 
WATER 

ORDINARY LOW . I..-,-P- 
TO TOE OF SLOPE. ANCHOR 
PER MANUFACTURERS TYPI CAL SEiTI ON WH’tK 
I NSTRUCTI ONS. NOT TO SCALE 

NOTES: 
1. THE UPLAND PLANTINGS WILL BE A RANDOM MIX 

OF LISTED UPLAND SPECIES. 

-1 

U.S. ARMY ENGINEER DISTRICT, SEATTLE 
CORPS OF ENGINEERS 

SEATTLE, WASHINGTON 

GREEN - OIJWAMISH C.I. ECOSYSTEM 
RESTORATION FEASIBILITY STUDY 

I - STAGE CHANNEL 
BACK WATER CHANNEL PLANTING 

SCHEME 
KING COUNTY FIGURE 8 WASHINGTON 
YI 1**114110( ea ‘KC *I elm. NT 
D xx-xx xx-xx 980CT C- 

OIOI cm. -7 x 



4 
NON- CHANNEL PLANT1 NGS ZONE DECI DUOUS TREE CON1 FEROUS TREE 

f Ir 
NON-CHANNEL PLANT1 NGS ZONE BLACK COTTONWOOD DOUGLAS FI R P RED ALDER WESTERN RED CEDAR I 

PACIFIC CRABAPPLE 

[77;1 SHRUB/TREE - WATER FLUCTUATION ZONE 

A 
I IW SHRUB - UPLAND ZONE 

NON- CHANNEL PLANT1 NGS: WATER FLUCTUATION PLANT1 NGS: 

2 
- SNOWBERRY SW - SCOULERS WI LOW 
- SALMONBERRY - SEDGES 

RD - RED OSIER DOGWOOD ; - HOOKERS WILLOW 
MA - OREGON GRAPE PW- PACIFIC WILLOW 

- FLOWER1 NG CURRANT 
:“- SALAL 

NON- CHANNEL 
PLANT1 NG 

4 WATER FLUCTUATION , IN-CHANNEL 
PLANT1 NG ZONE 

, ZONE ; 

I T 
I 

i I ‘I 

i 
* 

I 
i 

i 
\ CEDAR GROVE COMPOST 

( MULCH TI LLED-I NJ -J 

i PLACE 900 WEIGHT COIR 

i 

/~JQElF; 
HI GH 

FABRIC FROM TOP OF BANK LOW 4 . ._ --- 
TO TOE OF SLOPE. ANCHOR WA I tK 

i 
PER MANUFACTURERS 
I NSTRUCTI ONS. TYPI CAL SECT1 ON 

I---------‘----.---------.--- ---.-_--__________________ .__________ -_________________.---- -----------------__-------------------------------- ----------------------------------------------------.-_--!~~(5--. 

PLANT1 NG LEGEND: I 

TYPICAL PLAN 
NOT TO SCALE 

WATER SURFACE 

NOT TO SCALE 
NOTES: 
1. THE UPLAND PLANTINGS WILL BE A RANDOM MIX 

OF LISTED UPLAND SPECIES. 

U.S. ARMY ENGINEER DISTRICT, SEATTLE 
CORPS OF ENGINEERS 

SEATTLE, WAWWGTON 
^^__.. - 
LiKttN - DUWAMISH G.I. ECOSYSTEM 

RESTORATION FEASIBILITY STUDY 



t= 200’ RIPARIAN CORIOOR 

4 100’ 100’ 

ORDINARY HIGH WATER -ORDINARY LOW 
WATER 

TYPICAL PLAN 
NOT TO SCALE 

PLANTING LEGEND: 

0 
DECIDUOUS TREE CON 1 FEROUS TREE 

0 BLACK COTTONWOOD DOUGLAS FIR 
RED ALDER WESTERN RED CEDAR 
CASCARA WESTERN HEMLOCK 

v/n SHRUB/TREE - WATER FLUCTUATION ZONE 

m SHRUB - UPLAND ZONE 

UPLAND PLANTINGS: 
SA - SNOWBERRY 

;;TER FLUCTUATION PLANTINGS: 
- SITKA WILLOW (LIVE STAKE) 

ii: 
- SITKA ALDER SW - SCOULERS WILOW 
- SALMONBERRY R- RUSHES 8 SEDGES 

RD - RED HUCKLEBERRY H - HOOKERS 
MA - OREGON GRAPE 
AC - VINE MAPLE 
FC - SWORD FERN 
s - TWIN FLOWER SALAL 

P 
200’ RIPARIAN CORRIDOR c 

CEDAR GROVE CO 
(MULCH TILLED- 

UPLAND WATER FLUCTUAT 10~ REPLANT I NG 
PLANT I NG ZONE ZONE * 

(20’ MINI 

\ORDINARY HIGH 

\ 
WATER 

TYPICAL SECTION ‘",~~$""' Low 
NOT TO SCALE 

U.S. ARMY ENGINEER DISTRICT, SEATTLE 
CORPS OF ENGINEERS 

SEAnIf. wAsHNGToN 

GREEN - OUWAMISH C.I. ECOSYSTEM 
RESTORATION FEASl8lLlTY STUDY 

FIGURE NO. IO 
CREEK 0ETAtt.S 

KING COLINTY WASMINCTON 
ua Imr.rnla. ,um muI *t 

OA,E *ta TINE ROllEOI t*roATE*ars *TINE 0 11-n xx-xx 90OCl c, 
OESICN FILE: l lIP:4NVlROP48.OSOIO~AWIffiSCY(~~cH~6.O~ (IQ OL YU 8 
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A 

- 

- 

B 

- 

C 

200’ RIPARIAN COORIDOR (SEE NOTE I) 
k 4 

100’ 100’ 
* 44 P 

$ EXISTING CHANNEL 

TYPICAL PLAN 
NOT TO SCALE 

I 
. 
I 

I 
. 
. 
I 
. 
. 
I 
. 
. 
I 
. 
. 
I 
. 
. 
I 
. 
. 
I 
. 
. 
I 
. 
. 
I 
. 
. 
I 
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i 

l 
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i . 
i 
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i 
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PLANTING LEGEND: 

0 

DECIDUOUS TREE CONIFEROUS TREE 
0 BLACK COTTONWOOD DOUGLAS FIR 

RED ALDER WESTERN RED CEDAR 

PACIFIC CRABAPPLE S’ITKA SPRUCE (WET AREAS) 

‘VA SHRUB/TREE - WATER FLUCTUATION ZONE 

xs SHRUB - UPLAND ZONE 

UPLAND PLANTINGS: WATER FLUCTUATION PLANTINGS: 
SA - SNOWBERRY PW - PACIFIC WILLOW 
AS - SITKA ALDER SW - SCOULERS W ILOW 
RS - SALMONBERRY R - RUSHES 8. SEDGES 
RD - RED OSIER DOGWOOD H - HOOKERS 
MA - OREGON GRAPE 
AC - VINE MAPLE 
FC - FLOWERING CURRANT 
S - SALAL 

CEDAR GROVE COM 
(MULCH TILLED-I ORDINARY HIGH 

-ORDINARY LOW 
TYPICAL SECTION WATER 

NOT -1-0 SCALE 

NOTES: 
1.200’ RIRARIAN CORRIDOR DOES NOT APPLY TO 

THE UPPER & LOWER SPINGBROOK REACHES. 
CORRIDOR WIDTH FOR THESE REACHES IS’NOTED 
ON RESPECTIVE SITE PLANS. 

r- U.S. ARMY ENGINEER DISTRICT, SEATTLE 
CORPS OF ENGINEERS 

I SEATTLE. WASHWGTON 

GREEN - OUWAMISH G.I. ECOSYSTEM 
RESTORATION FEASIBILITY STUDY 

I FIGURE NO. 12 
I - STAGE CHANNEL 

DETAIL 
WASHINGTON 

IWII.IIcu D rllc tn. OAlCl I 

xx-xx 980CT 



4 ZOO’ RIPARIAN COORIDOR (SEE NOTE 1) 
b 

100’ 4 b4 100’ 

$ EXISTING CHANNEL 
I ,- 

\- 
PLANTING ’ r--nrh’n - LtbtlUU: 

DECIDUOUS TREE CONIFEROUS TREE 
BLACK COTTONWOOD DOUGLAS FIR 
RED ALDER WESTERN RED CEDAR 
PACIFIC CRABAPPLE SITKA SPRUCEC (WET AREAS 1 \_ 

TYPICAL PLAN 
NOT TO SCALE 

INGS: 

rn SHRUB/TREE - WATER FLUCTUATION ZONE 

m SHRUB - UPLAND ZONE 

UPLAND PLANTINGS: WATER FLUCTUATION PLANT 
SA - SNOWBERRY PW - PACIFIC WILLOWS 
AS - SITKA ALDER SW - SCOULERS WILOW 
RS - SALMONBERRY R - RUSHES & SEDGES 
RD - RED OSIER DOGWOOD H - HOOKERS 
MA - OREGON GRAPE 
AC - VINE MAPLE 
FC - FLOWERING CURRANT 
S - SALAL 

ZOO’ RIPARIAN CORRIDOR (SEE NOTE 1) 

UPLAND 
+/-PLANT I NG 

+ ZONE 

I 
? 

WATER FLUCTUATION d - 
PLANTING ZONE 

@ PROPOSE 
CHANNEL 

NO TREES 

LEXISTING 
CHANNEL 

TOP OF BANK 

CEDAR GROVE COMPOST 
(MULCH TILLED-IN) 

ORDINARY HIGH FLOW 
BENCHED SECTION TYPICAL SECTION 

MAIN CHANNEL NORMAL FLOW TOP OF BANK NOT TO SCALE 

ORD I NARY 
HIGH WATER 
,ORDI NARY 
LOW WATER 

WATER SURFACE 

NOTES : 
1.200’ RIRARIAN CORRIDOR DOES NOT APPLY TO 

THE UPPER & LOWER SPINGBROOK REACHES. 
CORRIDOR WIDTH FOR THESE REACHES IS NOTE 
ON RESPECTIVE SITE PLANS. 

2.SIDE SLOPES ARE 2:l FOR GOEDEKE REACH. 

DATE AND TIME PLOTTED: 09-AUC-2000 l&34 
DESIGN FILE: ~$~P:~ENv~ROP~~.~~~~DRAW~NGSBSKETCH~~.DCN 

. 

UPLAND 
PLANTINC 
’ ZONE ’ 
20’ MIN 

U.S. ARMY ENGINEER DISTRICT, SEATTLE 
CORPS OF ENGINEERS 

SEATTLE, WAWNGTON 

GREEN - DUWAMISH &I. ECOSYSTEM 
RESTORATION FEASIBILITY STUDY 
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B 

- 

C 

0 
C-J // 

I 
I 
I 
I 
I 
\ 

/- - 1- 

DECIDUOUS AND CON 
TREES (TYP. 1 (SEE 

h i ‘1, 
I 

-+ \-MAIN CHANNEL 
LJ TOP OF BANK 

1 (SEE NOTE 1 1 

-NORMAL FLOW 
WATER SURFACE 

TYPICAL PLAN 
NOT TO SCALE 

I FEROUS 
NOTE 2) 

TOP OF BANK 
BEYOND 

,-ORDINARY HIGH FLOW 

r’ ORDINARY LOW WATER 

L “I/ L-GRAVEL b A 

SECTION A-A 
NOT TO SCALE 

NOTES: 
1. TOP OF BANK SHOWN FOR I-STAGE CHANNEL ORDINARY HIGH 

WATER SURFACE. FOR 2-STAGE CHANNEL APPLICATION, THIS 
POINT INDICATES BEGINNING OF UPLAND BENCH SECTION. 

2. REFER TO 1 -STAGE AND 2-STAGE TYPICAL CHANNEL DETAILS 
FOR PLANTING SCHEDULE, FIG. NOS. 12 AND 13. RESPECTIVELY. 

3. MAINTAIN 3H:lV SIDE SLOPE TO PROJECTED MAIN CHANNEL 
INVERT ELEVATION. EXCAVATE AT I:1 TO PIERCE WATER TABLE 

4. CEDAR LOGS AT EXIT OF POOL PROTECTS 
CHANNEL DURING LARGE STORM EVENT. 

5. USE LARGE ROOTWADS KEYED INTO BANK. 

U.S. ARMY ENGINEER DISTRICT. SEATTLE 

DATE AND TIME PLOTTED: 09-AUG-2000 1628 
raFC,CN FII F. r++P~BFN”,ROP48.050~DRAWlNGS~SKETCH19.DGN 

CORPS OF ENGINEERS 
SEATTLE. WAWWGTCN 

GREEN - DUWAMISH G.I. ECOSYSTEM 
RESTORATION FEASIBILITY STUDY 

FIGURE NO. I4 
LARGE WOODY DEBRIS POOL 
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